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Aveling & Porter, | Pow 


ROCHESTER. 


Siecam 


Koad Rotlers & oP rectors. 


1108 


PASSENGER AND CARGO STEAMERS, 


ecorrepaed DRAFT VESSELS. 





(F. Mamiord, Li 


CULVER STRSET WORKS, COLCHESTER. 
' On ADMIRALTY anp Wak OFFice Lists. 
INGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See advertisement pages 25 and 33, 


ATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 


d Auxi Machi lied to Che 
pe Mt saa 2179 
ese 


D hbogi 


FLOATING ‘CRANES. COAL BUNKERING 
VESSELS, 





HAARLEM, 
Werf Conrad, HO LLAND. 
gents: MARINE WORKS, Li Friars Hovse, 
99-41, New Broap Sr., LONDON. E.C, 2. 
half-page Advert. last week and next week. 675 


ranes.—Electric, Steam, 


HE DSSASEO and HAND, 


types and sizes. 
GRORGE. USS BLL & OO. 
Motherwell, near Glasgow. 


STEBL TANKS, PIPES, GASHOLDERS, &c. 
phos. Piggott & Co., Limited, 


TRMINGHAM. 7411 
See Advertisement last week, page 83. 


Qpencer- | { opwood & K irk 
PATENT i 
BOILERS 


| Sole Makers: SPENCER BONEOOURT, nok 
jament tT Victoria St., London, Do 


i an Locomotives. 
ee and a equal to 


in Line Locomotives. 
R, & W. HAWTHORN, LESLIE & OO. Lap., 
ENGINEERS, NEWCASTLE-ON-TYFE. 


ochran moureroerT as AND 


TUBE TYPHS. 
B“ 2rs. 
page 17, 1134 


J. Davis, M.I. Mech. E., 


Gas ines gore ee 
Bepo U ver 25 years’ e 
‘and EB oe tratford, Wire: “Ra: 
Great Hastern Road, Stratford, 





» Lrp., 
1137 











1133 








my tel. 
on.” 


Wes 1794 
. rett’s Patent 


atent Lf Co} 


ammers, Presses, Furnaces, 
COVENTRY. 


nvincible (Farge Glasses. 











BUTTERWORTA PBROS., Lid., 
Newton Heath Glass Works, 
Manchester. 


leetrie Cranes. 


8. H. HEYWOOD & | Co., LTD., 


ller, Horsey, Sons & Cassell. 


sales "ey 
SALE AND 8 hoa rae 
0! 
PLANT AND MAONINERY 


a 
ENGINEERING WORKS. 
11, BILLITBR SQUARE, B.C.32, 


Iron and Steel 


lubes and Fittings. 


e Lic ensees in Great Britain for the manufaeture 
Armco” Rust and Corrosion Resisting _ 


he Scottish Tube Co., Ltd., 


Hea 
une ee ee 








1834 





page 69, Jan. 19. 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to3 ft. diam, 
Spur Wheels cut up to 9 ft. diam. 
DOLPHIN FOUNDRY, LEEDS. 4547 


VosPER. & Co, Lt., 


HIP & LAUNCH "BUILDERS, 0d 3551 
ENGINEERS & BOILER MAKERS. 


ement.— Maxted &. Knott, 


‘Lap., Consulting Cement Engineers, ADVISE 
GENERALLY on pro; Cement Schemes FOR 
ENGLAND AND aa ROAD. ADVICE ONLY. 
Highest References. Hetablished 1890. 

Address, BURNETT AVENUE, HULL, 
Cablegrams: ** Energy, Hull.” 


IL FUEL APPLIANCES, 
stems 








9762 





phage oo ye Arr, STEAM 
For Boilers o; 
KERMO ms IMITED : 
35,. The = ig Street, 


Naval Outfits Speciality, 
also for Merchant Ships, for 
Factories, motives, and 
Industrial Process 


Furnaces 
of all kinds. 
Supplied to the British and 
other Governments, 
Telephone No.: ary 2832. 

Telegrams: ‘“ Warmth 


ocomotives Tank Engines 
ed and constructed 
» LIMITED, 
Od 


MANNING, we DLE AND COMPAN 
Boyne Engine Works, Leeds. 2487 
See their Illus, Advertisement, page 87, last week. 


RAILWAY AND TRAMWAY ROLLING STOOK. 


H=. Nelson & (o., L td. 


Tue Giaseow Roiiine Srock anp PLANT a 


MOoTHERWELL. 
R. Y. Pickering & Co., Ltd., 
BUILDERS of RAILWAY CARRIAGES £WAGONS 


(ESTABLISHED 1864.) 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY oo FOR HIRE. 


Chief Works and Offices 
WISHAW, near GLASGOW. 


London Office: Od 8353 
3, Vicronta STREET, WESTMINSTER, 8S.W. 


enry Butcher & Coa.,, 


AUCTIONEERS, VALUERS anp SURVEYORS 
for 
ENGINEERING axp ALLIED TRADES 
and 
INDUSTRIAL PROPERTIES. 9866 
63 and 64, CHANCERY LANE, LONDON, W.C.2, 


Filectric [iran sporters. 


8. H. HEYWOOD & CO., LTD., 
REDDISH, 


4078 














1074 


Jon W ilson & (- Ltd., 


Birkenhead. 


See Illustrated Advertisement, page 81, Jan. 19. 


LocomotiveSiunting Cranes 
Steam and Electric Cranes 


EXCAVATO Benga GRABS, 
CONCRETE- ag} 
SHIPS’ ee aie: —_— and 
DECK M Pa mEnEES. 


Lists oF Sraxpanp Size Sizet on AppricaTion. 
London Office: 15, VICTORIA STRERT, 8.W. 1. 








Y ARROW * 2,02, L1D. | Jonn Bellany, Limited, 


((ampbells & Httes. Tt | 





MILLWALL, LONDON, E. 
GENERAL CoNsTRUCTIONAL ENGINEERS, _ 


Boilers, Tanks, &Mooring Buoys 
Stmis, PreTrot Tanks, AIR RECEIVERS, STEEL 
CuImnrys, RIVETED STEAM AND VENTILATING PzPES, 
Hoppers, SPEcIAL Work, REPAIRS OF ALL KINDS. 


1216 


les Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FEED WATER HEATERS, 

CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS, 

Merrill's Patent TWIN STRAINERS for Pump 

Suctions. 
SYPHONIA STEAM” TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM, FITTINGS, 
ATER SOFTENING and FILTERING, 6723 


ROW’s 
PATENTS, 





IRON & STEEL 


Tubes AND Fittings 


See “Pic 8. 
Srewarrs AND Liovns, Lita.|- 


GLASGOW - BIRMINGHAM - LONDON. 
See Advertisement Page 60. 1111 





GRAPHITED 


GRAPHITED 
WATER. 


“OILDAG” “AQUADAG” 
(Reg,) BRAND. 


(Reg.) BRAND. 
GRAPHITED 
GREASE, 


“GREDAG ” 


EK. G. > eee L‘4- 


Dept. E., (Sole penmcatenciness, Works: 
40, Woop 8r., 8.W.1 PLyMourTa, 


fo Your Repairs or any 
eae ee ea ons. 


HUNT & 
, Bridge Road 7 Hattersen, 8.W. 11. 5 


0 Cement 
[the Glasgow Railway 


Engineering Company, 
London Office—13, Victoria prt 8.W. = 








GOVAN, GLASGOW. 


Man 
RAILWAY CARRIAGE, WAGON. & TRAMWAY 


HEELS & AXLES, 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 540 


SPECIFY WELDLESS STEEL CHAIN, 


"the Strongest hain ** 


IN THE WORLD, 
Sole Manufacturers: WELDLESS CHAINS 
50, WELLINGTON STREET, GLASG ow 


ON ADMIRALTY LIST, 


ohu Kirkaldy; ed. 


London Office: 101, LEADENHALL §1., B.C. 3, 
Works: Buunr MILL, near HaRiow, EX. 
Makers of 
Evaporating and Distilling Plants, 
one erating and Ice-making Machinery. 
— eaters. 








J 


Grapher 

Fresh Water Distillers, 

Main Feed — 

Combined Circulating and Air Pumps, 


YARROW #00; {aa UD. 


LAND AND MARINE 


YARROW BOILERS, 
819 


Mpithew pe & (oF M4. 


LEVENFoRD Works, Dumbarton. ™ 
See Full Page Advt., page 56, Jan.. 5. 


Forgings. 
W alter omers, Limited, 
: HALESOWEN, 


[[laylor & (Shallen 


Tresses 
For Production. of SHEET. METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
Foundry, Works, and Showrooms: BIRMINGHAM, 
See half page advert., page 57, Jan. 6. 8195 


H4 W ightson & Co. 


LIMITED 





7116 








See Advertisement page 66. 





ailway 
G witches and 


rossings. 


T. SUMMERSON & — LIMITED, 
DaBuinaTon. 


osser and Russell, Ltd., 
MECHANICAL ENGIN} ERS, 
QUEEN’S WHARF, HAMMERSMITH, W. 
Undertake SPECIAL MACHINE WORE. of 
any description, 
WELL EQUIPPED SHOP, 
LATHE WORK up to 10 ft; diameter, 


Phone: Hammersmith 31, 967. 9211 





‘Phone—Holb, 541, Tele. .—Andrubo, Holb., London, 
ndrews & Beaumont, 
CHARTERED PATENT AGENTS, 676 

29, Southampton Buildings, London, W.C, 2, 





Auxili Surface Condensers. 
— &c., &e. 
Lite 
1074 


K lectric 
(UP TO 35 TONS.) 
8. H. HEYWOOD & CO., LTD., 
REDDISH. 


ocomotive [['raversers 
(ELECTRIC), sone 


8. H. HEYWOOD & CO., LTD., 
REDDISH, 





THE GLaseow KOLLING STOCK AND PLANT WORKS. 


urst, Nelson & Co., Ltd., 


A BotidersofRATLW AYCARRIAGHS, cone 


RIC CARS, and EVERY OTHER DESCRIPTIO 
or RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and A: Rattway Pant, 
Foremes, Smira Wo Inon & Brass Casrinas, 

STEEL WORK OF ALL KINDS. 
Re; Office and Chief Works: Motherwell. 
London Office: 14, Leadenhall Street, B.C, 043382 


(arels 


Diesel & G team 


ngines. 
1120 
©. Dresex & Stram EByorres Lop. 
Sansa eden, BW. 


Nottelephone : Regent 








P & W.. MacLellan, Ltd., 
*  OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY OARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Glasgow, Od 8547 
Registered Offices: Clutha House, 10, Princes 8t., 
Westminster, 8.W. 1 


(‘entrifugals. 


P ott; ( assels & W itliamson, 


MOTHERWELL, SCOTLAND. 





939 
See half-page Advertisement, page 36, Jan. 19. 
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ENGINEERING. 


[JAN. 26, 1923. } 








, 
[ibe Manchester Steam Users 
ASSOCIATION. 
For the prevention of Steam Boiler Explosions and 
for the attainment of seereomag, Fo the Application 
of Steam. 9, Mounr StaeEet, MANCHESTER. 
Ohtef Engineer: C. MK. STROMBYER, M.I.O.B. 
Founded 1854 by Sir WILLIAM Farrparen. 
Certificates of Safety issued under the Factoryand 
Workshops Act, 1901, Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 598 


PATENTS 4ND Dzsiens Acts, 1907 and 1919, 


Notice is Hereby Given that 
AKTIEBOLAGET LIJUNGSTROMS 
ANGTURBIN, Manufacturers, a Swedish Company, 
of Arsenalsgatan 2, Stockholm, in the Kingdom of 
Sweden, seek leave toamend the Specification for 
Letters Patent No. 185483, entitled ‘ Improvements 
in regenerators for furnaces or the like.’ 

Particulars of the proposed amendment were set 
forth in the Illustrated Official Journal (Patents). 
issued on the 17th January, 1923. 

Any rson, or persons, may give notice of 
Opposition to the Amendment by leaving Patents 
Form No, 19 at the Patent Office, 25, Southampton 
Buildings, London, W.C. 2, within one calendar 
month from the date of the said Journal. 

W. TEMPLE FRANKS, 
shalom aes 











Ihe Norton and Gregory 

ANNUAL SCHOLARSHIPS IN ENGINEER- 

Fe Offered by NORTON & GREGORY, Ltd., 
ndon, 


HONORARY COMMITTEE: 

Sir JosrpH PeraveL, K.B.E., D.Sc., F.R.S., 
Director of the National Physical Laboratory, 
Teddington. Chairman. 

Professor C. B. Inauis, M.A., Professor of En- 
gineering, Cambridge University. Jice- 
Chairman. 

Professor E, G. Coker, D.Sc., F.R.S., Dean of 
the Faculty of Engineering, University of 
sour, University College, Gower Street, 


Ww.0a. 

J. Tatsor, Hsq., T.D., M.A., B.Sc., Master of 
Haileybury College. | Appointed by The Com- 
mittee of Headmasters’ Conference, 

G. H. BurkHarpr, Faq M.A., M.Sc., Principal 
of Swindon and North Wilts Secondary 
School & Technical Institution, Swindon. 
A The Incorporated Association of 

eadmasters. 
Together with 

The Cuarmaman and The ManaGine Dimector 
of Messrs, Norton & Grreory, Ltd. 


Messrs. NORTON & GREGORY, Lrp., OFFER 
TWO ENGINEERING SCHOLARSHIPS, to be 
competed for annually, one value £100 per annum, 
and one value per annum, tenable for three 
yon at any University in the United Kingdom or 

ritish Dominions approved by the Committee. 

A sum sufficient to cover the Scholarships now 
offered has been deposited by the Donors in the 
names of the Chairman and Vice-Chairman of the 
Committee. 

Candidates must have reached the age of 17 but 
not the age of 19 on Ist March in the year of 
Examination, be domiciled in the United Kingdom, 
and undertake to pursue a three years’ Course in 
Engineering with a view to following it as a 
Profession. 

Papers, which will cover two days’ Examination, 
will be set in the aang four subjects :-— 

English, 
Mathematics, 
Mechanics, 
General Physics. 

The Examination for the 1923 Scholarships will 
be held in March at a date to be fixed later, and all 
Application Forms must reach the Committee not 
later than 15th February, 1923. 

Foll particulars and official Application Forms 
may be obtained from :— 

X 362 


THE SECRETARY, 
Scholarships Committee, 

Messrs. Norton & Gregory, Ltd., 

1 & 2, Castle Lane, 


Westminster, Loudon, §.W. 1. 


orrespondence Courses for 
Inst, Civil Engrs., Inst.Mech.B., London Univ. 
Matric., Inter., B.Sc.), and ALL ENGINEERING 
XAMINATIONS personally conducted by Mr. 
TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc. 
M.Inst.0.H., M.RS.I., F.RS.A., &. Also Day 
Tuition in Office. Excellent results at all Exams. 
Courses may commence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, TraFrorr CHAMBERS, 58, 
Sovra Joun Srreer, LIVERPOOL. 575 


A merican University Degrees 
ah Statutory). B.Sc., D.Sc., and 

b Thesis written at home.—For 
send self-addressed envelope (stamped), LAWRENCE 
(B., Derwent Street, Leigh, Lancs. X 339 


= . ° 
Brochure on “ Engineering 
SALESMANSHIP and SALBS MANAGEH+ 
MENT,” with ulars of a SPECIAL COURSE 
of training, will be sent post free on spp tion to 
DIRECTOR, THe Instirure oF ENGINEERING 
SALESMANSHIP, 333, Oxford Rd., Manchester. 1119 


owering of Vessels.—A 
Practical Course of ae gy by Corre- 


spondence.—Address, for ic terms, 
1049, Offices of a Rate 


TENDERS. 


BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 

















The Directors are progeces to receive up to Noon 
on Fripay, l6Tm Fepravary, 


=~ 
[lenders for the Supply of 
LOCOMOTIVES AND TEND , 4-6-0. 
Tenders must be made on Forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 20s, each (which will not be 
returned), 
The Directors do not bind themselves to accept 


the lowest or any Tender. 
5, G. S. YOUNG, 
Secretary. 


Offices : 91, Petty France, 
Westminster, §.W. 1. 


24th January, 1923. xX 476 


CITY OF NOTTINGHAM, 
NORTH WILFORD POWER STATION, 


RAILWAY and SIDING CONTRACTORS 
wishing to 


[render for the Construction 
of SIDING and EARTH WORKS at the 
above are requested to apply by letter only to 
Mr, T, Watuis Gorpon, City Mngineer and 
Surveyor, Guildhall, Nottingham, enclosing a 
deposit of Two Pounds which will be returned on 
receipt of a bona fide Tender. 

The lowest or any Tender will not necessarily be 
accepted and Tenders will only be considered from 
those Firms having the necessary plant and 


experience. 
W. J. BOARD, 


Town Clerk. 
Guildhall, Nottingham. 
_20th January, 1923. X 410 


, THE BENGAL AND NORTH WESTERN 
RAILWAY CO., LTD. 





The Directors are prepared to receive 


[lenders for the Supply of :— 
1300 WAGON BUFFERS, 
3500 VOLUTE SPRINGS, 

> per specifications to be seen at the Company’s 


flices. 

Tenders addressed to the undersigned, and 
marked ‘‘ Tender for Buffers,” or as the case may 
be, are to be lodged not later than Noon on Friday 
the 16th day of February, 1923. 

For each specification a fee of 10s, will be charged 
which cannot, under any circumstances, be 
returned, 

The Directors do not bind themselves to accept 
the lowest or any Tender, 

By Order of the Board, 
K. A. NEVILLE, 
Managing Director. 
237, Gresham House, Old Broad Street, 
London, E.C. 2. 
18th January, 1923. 


SIAM STATE RAILWAYS. 
NOTICE, 


Sealed Tenders for the Supply 


of 12,105,788 tons of STEEL RAILS and PER- 
MANENT WAY ACCESSORIES will be received by 
the undersigned at his office, in the City of Bangkok, 
Siam, until Ten o'clock on the 16th Aprit, 1923, at 
which place and hour the tenders will be publicly 
opened and read, 

Blank Tender Forms, Specifications and Plans 
may be obtained from Messrs. C. P. SANDBERG, 40, 
Grosvenor Gardens, London, §,W.1, upon payment 
of £1 per set, which sum will not be refunded. 

Right is reserved to reject any or all Tenders 
and to accept and Tender which in the opinion of 
the undersigned is to the best interests of the Siam 


State Railways. 
PURACHATRA, 
Commissioner-General, 
Siam State Railways, 
Department of State Railways, 
Bangkok, 
20th December, 1922. X 441 


STATE ELECTRICITY COMMISSION OF 
VICTORIA. 


X 406 








TENDERS FOR PLANT. 


’ I Yenders are Hereby 
Invited for the SUPPLY, DELIVERY, 
ete., of the following PLANT for the 
Morwell Power Scheme, 
Copies of Tender Form and Specification may be 
inspected or obtained upon application to :— 
HE AGENT-GENERAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C. 2. 
SPECIFICATION No, 23/9— 
TRANSFORMERS and SPARES. 
CHARGE.—10s. for first two copies of Tender Form, 
Specification and Contract Conditions complete. 
his charge will be returned on receipt of a bona 
fide Tender. 
A third, or any further copies may be obtained on 
payment of 5s, per copy, not returnable, 
ELIMINARY DeEpusiT.—A Preliminary Deposit 
of 10 is required to be lodged with Tender. 
The Commission does not bind itself to accept the 
lowest or any Tender. 
Tenders on prescribed form, properly endorsed, 
and addressed, must be delivered to the undersigned 
in Melbourne, not later than Noon on April 28th, 


1923, 
R. LIDDLELOW, 
Secretary, 
State ey Commission of Victoria, 
elbourne, 


Australia. X 308 





COMMISSION OF 
TA, 


TENDERS FOR PLANT. 


STATE ELECTRICITY 
vicT 
lenders are Hereby 
Invited for the SUPPLY, DELIVERY, 
ete., of the following for the Morwell 
Power Scheme, 
re of Tender Form and Specification may be 
obtained or inspected upon — to:— 
AGENT-GEN R VICTORIA, 
Melbourne Place, 
Strand 


London, W.C, 2, 
SPECIFICATION No, 23/7— 
MOTORS, STARTERS and ISOLATING 


SWITCHES. 

CuarGe:—£2 2s. for the first three copies of 
Tender Form, Conditions of Contract and Specifica- 
tion complete. This charge will be returned on 
receipt of a bona fide Tender, A third, orany further 
copies will be supplied for the sum of 10s, 6d. each, 

returnable, 


not 
Pre.umtyaky Deposit :—~A Preliminary Deposit 
of £40 is required to be lodged with Tender. 
The Commission does not bind itself to accept the- 
lowest or any Tender. 
nders on prescribed form, properly endorsed, and 
addressed, must be delivered to the undersigned in 
Melbourne, not later than Noon on March ist, 1923. 
R. LIDDELOW, 
Secretar: 


State Electricity Commission of Victoria, “ 
elbourne, 


X 309 





BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 


The Directors are prepared to receive up to Noon 
on Wednesday, 7th February, 


enders for the Supply of :— 
1. CAST IRON CYLINDERS, includin 
Bolts and Nuts, Cast-Iron Caps an 
Galvanised Bracings. 

2.. WROUGHT IRON or STEEL PIPING, 


etc. 

Tenders must be made on forms, copies of which, 
with Specification, can be obtained at these offices 
on payment of 20s. each for No. 1, and 10s, each for 
No. 2 (which will not be returned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. 8. YOUNG, 


Secretary. 

Offices, 91, Petty France, 
Westminster, S.W.1. 
22nd January, 1923. 


ISLE OF MAN HARBOURS, 
TO DREDGING CONTRACTORS. 


The ISLE OF MAN HARBOUR COMMISSIONERS 
are prepared to receive 


[T'enders for Certain Dredging 
(about 15,700 cubic yards of macly ony and 
3000 cubic yards of schistone rock), to done at 
DOUGLAS, ISLE OF MAN. 

Copies of the Specification, Form of Tender, and 
Drawings may be obtained from W. H. BLakeER, 
Esq., Assoc.M.Inst.C.B., the Engineer to the 
Commissioners, at the undermentioned address, on 
payment of £2 2s., which will be returned on receipt 
of a bona fide Tender, 

Tenders, endorsed ‘* Douglas Dredging,” must be 
in the hands of the undermentioned not later than 
Monday, February 5th, 1923. 

The Commissioners do not bind themselves to 
accept the lowest or any Tender. 

By Order, 
A, W. TONGUE, 
Secretary. 


X 438 





Isle of Man Harbour 
Commissioners’ Offices, 
Douglas, Isle of Man, 
16th January, 1923. 


METROPOLITAN WATER BOARD. 


TENDER FOR PIPELAYING, REPAIRS, 
ALTERATIONS TO MAINS, &c. 
The Metropolitan Water Board invite 


f[ienders for Pipelaying, 

REPAIRS, ALTERATIONS TO MAINS, &c., 
within the areas of their Kent, Northern, Southern, 
and Western Districts, for the periods of six or 
twelve months from Ist April, 1923. 

Tenders must e on official forms, which 
may be obtained from the Chief Engineer, Metro- 
politan Water Board, New River Head, 173, Roseber 
Avenue, E.C.1, on and after Wednesday, 24t 
January, 1923, by personal application (Room 155), 
or upon forwarding a stamped addressed brief 
pets we Applicants should refer to the number 
of the Tender (No. 17). 

Tenders, enclosed in sealed envelopes, addressed 
to the ‘Clerk of the Board, Metropolitan Water 
Board, New River Head, 173, Rosebery Avenue, 
E.C.1,” endorsed ** Tender for Pipelaying,” must 
be delivered at the Offices of the Board not later 
than Eleven a.m. Wednesday, 21st February, 1923. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

G. F. STRINGER, 
Acting Clerk of the Board. 
Offices of the Board, 


New River Head, 
173, Rosebery Avenue, H.C, 1. 
15th January, 1923. 


X 396 





X 369 


GREAT NORTHHRN RAILWAY (IRELAND) 
TO BRIDGE CONTRACTORS, 


The Directcrs are pared to receive 


"fenders for the Re-construe 
2 tion of a £TEKL UNDERLINE BrRiIDGH 
near Omagh Station. b 
The Drawing an i Specification may be inspected. 
at the Engineer's ces, Dublin and Belfast, ang 
copies of mae t gether with Bills of Quantities | 
and Forms of Terder, may be obtained from the 
undersigned, on payment of Two Guineas, which | 
will be refunded ox receipt of a bona fide Tender, 
Tenders made out on the Forms supplied by 
Company should be delivered, under sealed co 
endorsed “TENDER FOR BRIDGEWORK,” pn 
a than Ten a.m., on Saturday, February 17 


The Directors do not bind themselves to acce 
the lowest or any Tender, 
; J. B. STEPHENS, 


Secretary, 7 
Amiens Street Station, ‘ 


u n, F 

24th January, 1923. X 4 
THE SOUTH INDIAN RAILWAY COMPANY, 
LIMITED ; 





are prepared to receive 1 


[renders for the Supply of :— 
1, Cast Iron Pot Sleepers. 
2. Switches znd Crossings. 
Fishbolts, Spikes, etc. 
Steel Bearing Plates for F.B, Rails. 
Steel Fishplates (special patterns). 
6. Tiebars, Gibs and Cotters. 
7. Axle Box.s for Carriages and Wagons. 
Specifications aid Forms of Tender will be a 
able at the Comjany’s Offices, 91, Petty Frang 
Westminster, §.W. 1. sg 
Tenders addressed to the Chairman and Directo) 
of the South Indian Railway Company, Limited, 
marked: ‘* Tenders for Cast Iron Pot Sleepers,” oF 
as the case may be, must be left with the undersign 
not later than Twelve Noon on Friday, the 9 
February, 1923. is 
The Directors do not bind themselves to accept 
the lowest or any Tender. ES 
A charge, which will not be returned, will be 
made of £1 for each copy of Specifications Nos. 1 ar 
2, of 10s. for each of copy of Specifications Noe, % 
and 4, and of 5s. for each copy of Specifications Nog, 


5, 6and 7, 
Copies of the Drawings may be obtained at the 
HITE & PARTNERS, 


3. 
4. 
5. 


Offices of Messrs. ROBERT 
mcrae i | a to the Company, 3, Victoria 


Street, S 
A, ns i a 
a D, rector. 
France, S.W. 1. s 
anuary, 1923. 
CITY OF LEICESTER. 


ADDITIONAL PUMPING MACHINERY 
AT 
ABBEY PUMPING STATION 
AND 
BEAUMONT LEYS SEWAGE FARM. 


THE SEWAGE WORKS AND FARMS COM- 
MITTKE of the Leicester City Council invite” 
reliminary Proposals, De 
SIGNS and QUOTATIONS for STEAM) 
ELECTRICAL or other type of MPING 
MACHINERY in connection with the Sewagg 
Disposal of the City. Sg 
Particulars, together with General Conditions 
outline Specification, Plans showing sites, ete) 
may be obtained at the City Survéyor’s Uffice @ 
payment of the sum of £5 (five cag rng Dat 
be returned on receipt of a bona fide Proposal 
Quotation. 4 
Cheques, etc,, to be made payable to the Leice 
pa env mp and sent to the City Treasurer. 


91, Pett; F 
23rd x 








CORPORATION OF CALCUTTA, 


WATER WORKS EXTENSION— 
CONTRACT No. 12, 


PUMPING MACHINERY for Mullick Ghat 
Pumping Station—Unfiltered Water Supply. 


NOTICE TO CONTRACTORS. 
The Corporation of Calcutta are prepared to receive 


(renders for the following 


WORKS, which include the Manufacture, 
to Work of 


Supply. Delivery, Erection and Settin 
ollo including 


e' 
the wing PUMPING MACHINE 
REMOVAL of the EXISTING PLANT. 

Four Hlectrically-driven Pumps to deliver 625,000 
— per hour each. Two Electrically-driven 

umps to deliver 312,500 gallons per hour each— 
_— a head of 140 ft. in each case, All n 

ping, Valves, etc., in connection therewith. 
— ng the station, etc., etc. 

he yreeeegge | and Removal of the Existin 
Boilers, Steam Piping, Pumping Engines ¢4u 
Auxiliaries. Theadaptation of the existing building 
to fit the installation of the new plant, 

Plans can be seen and copies of specification, 
schedule and tender form and any further informa- 
tion required can be obtained :— 

In EneLanp—from the Consulting Engineers, 
Messrs. St. GroneEe Moore and La TroBE-Bare- 
MAN, M.M.Inst.C.E., 91, Victoria Street, West- 
minster, 8.W. 1, and 

In Inpia—from J. R. Coats, Esq., B.Se., 
M.Inst.C.E., Chief Engineer to the Corporation of 
Calcutta, Central Municipal Office, Calcutta. 

A sum of £5 or Rs. 75 respectively will be charged 
for a set of four copies of specification, schedule and 
tender form, which sum will be returned on receipt 
ofa Tender. 

Two copies of 21! Tenders, from wherever eman- 
ating, to be delivered at the office of the Consulting 
Engineers in London at or before Twelve noon on Ist 
March, 1923, when they will be officially opened in 
the presence of such tenderers as care to attend, 
The third copy to be despatched by registered t 
on or before the same date addressed to the Chief 
Engineer, Corporation of Calcutta, Central Munici- 
pal Office, Calcutta. 

Tenders to be in sealed covers and superscribed 
” re of Calcutta Tender for Pumping 
Machinery.” 

The Corporation do not bind themselves to accept 
 Zecteress ming. oukents: capenete -timttce i 

erers may su’ se ‘enders for 
alternative proposals. BY. 


RAMIAH, 
to the Corporation, 
X 415 


Central oni Ofhice, 
18th December, 1922. 








roposals and Quotations on the Form supp 
addressed to ‘The Chairman of the Sewage Works 
and Farms Committee, Town Hall, Leicester,’ 
to be delivered not later. than Twelve noon, } 
day, 12th March, 1923, and endcrsed “Pum 
MACHINERY.” 

The Committee do not bind themselves to ace 
any Proposal or Quotation. 

the acceptance of any Proposal and Quotation 
will be subject to the appre of the City Cound 
and the Ministry of Health. 


KE, GEORGE MAWBBY, M.Inst.C. 
City Engineer and Surveyor. 
Town Hall, Leicester. 
January, 1923. x 


THE LONDON & NORTH EASTERN RAILWAI 


have = * 
kos Disposal the followin) 
ELECTRICAL MACHINERY and PLA™ 
at their Doncaster Works :— ¥ 

TWO 88 KW. DIRECT CURRENT DYNAMO 
by Thomas Parker, Ltd., 220 volts, 450 r.p.m., d 
coupled to “* Willans”’ compound engines. : 

TWO 220 KW. DIRECT CURRENT DYNAMG@ 
by Greenwood & Batley, 220 volts, 350 r.p.m., dit 
coupled to ** Willans ” compound engines. 

ONE 220 KW. DIRECT CURRENT DYNAM 
by Bruce Peebles, 220 volts, 350 r.p.m., dire 
coupled to “ Willans” compound engine. : 

ONE SURFACE CONDENSING PLANT, 

W. H. Allen, Son & Co., 35,000 Ibs. steam per hol 
with ‘‘ Edwards” air pumps and ‘ Conqu 
ee One pump. . ; 

ONE I.HP., 55 r.pm. “ROBEY” CO 
POUND ENGINE, with Richardson & Row! 

tent cut-off gear, flywheel 15 ft. diameter By 

ft. 6 in. face adapted for belt drive. y 

ONE BELT PULLEY, 10 FT. DIAMETER 8 
2 FT. 6IN. FACE, for 7} in. diameter shaft. * 

TWO LENGTHS BALATA BELTING, each abow 
£0 ft. by 2 ft. 3 in. wide. jf 

TWO 30 ft. by 8ft. LANCASHIRE BOILH! 
for working pressure of 130 Ibs. per square inch wit 
usual fittings and manatee, pe 

ONE 28 ft. by 8 ft. LANOASHIRE BOILER, com® 
plete as above. : 

TWO “ WEIR” BOILER FEED PUMPS, steam 
cylinder 8$ in. diameter, water cylinder 6 # 
diameter, stroke 15 in. for feeding against 130 


pressure. 3 

Tender forms, givin full iculars, can be 5 
+ cecuaee to Mr. W.T. WEEKS, Stores Super 
tendent, Great Northern ion, ion & No 
Eastern Railway, Doncaster. 


8 
London & North Hastern Railway 
(Great Northern Section), 
King’s Cross Station, 
London, N,1. 





22nd January, 1923, 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


An ordinary general meeting of the above Institu- 
tion was held on Friday last, the 19th inst., at the 
Institution, Storey’s Gate, Westminster, Dr. H. S. 
Hele-Shaw, the President, occupying the chair. 


GEORGE STEPHENSON RESEARCH PRIZE. 


The formal business having been despatched, the 
President explained that Professor E. G. Coker, 
F.R.S., had returned to the Institution all expenses 
—amounting to 100/.—incurred in connection with 
the lecture which he (Professor Coker) had delivered 
in Paris last summer, the sum named to be applied 
to a Research prize. With Professor Coker’s cordial 
consent, Members of Council had added to the 
amount, with the result that 5001. were now avail- 
able. Any further sums, however small, would, of 
course, be welcome. It had been resolved to devote 
the funds to a prize to be described as “ The George 
Stephenson Research Prize,” in commemoration 
of the first president of the Institution. 


NOMINATIONS FOR THE COUNCIL. 


In accordance with Article 23, the following 
would retire at the annual general meeting: 
President, Dr. Hele-Shaw; vice-presidents, Sir 
Robert A. Hadfield, Bart., and Mr. H, A. Ivatt. 
Members of council, Mr. Daniel Adamson, Mr. W. F. 
Cully (associate member), Professor W. E. Dalby, 
Mr. H. A. Ivatt (appointed vice-president), Colonel 
Pitt (associate member), Mr. William .Tayior and 
Mr. Richard Williamson. The council nomination 
list was as follows: President, Sir John Dewrance ; 
vice-presidents, Sir Robert A. Hadfield, and Mr. 
H. A. Ivatt. Members of council, Mr. Daniel 
Adamson, Mr. W. F. Cully (associate member), 
Professor W. E. Dalby, Engineer Vice-Admiral 
Sir George Goodwin, Mr. R. KE. Maunsell, Mr. 
E. W. Moss (associate member), Lieutenant-Colonel 
R. B. Pitt. (associate member), Mr. William Taylor 
and Mr. Richard Williamson. 

Additions were made at the meeting. as follows : 
Mr. H. Richarsdon, of Manchester (associate 
Member), Captain A. H. Whittaker, of London 
(associate member), Mr. E. C. R. Marks, Mr. Charles 
Day. 

INDICATORS. 

The papers down for reading and discussion con- 
stituted a symposium of contributions on engine 
indicators. The first paper was one entitled “ The 
Problems of the Engine Indicator,” by Mr. Loughnan 
Pendred. The second contribution bore the title, 
“A New Form of Optical Indicator,” and was by 
Professor F. W. Burstall. The third, ‘ Micro- 
Indicator for High-Speed Engines,” was read by 
Mr. W. G. Collins, while the fourth paper, entitled 
“R.A.E. Electrical Indicator for High-Speed 
Internal-Combustion Engines, and Gauge for 
Maximum Pressures,” was contributed by Mr. H. 
Wood, R.A.F. 

These four papers were read in abstract in the 
order given. They are reprinted in this issue of 
ENGINEERING, page 199, et seq. 

Mr. W. Sidney Smith, superintendent of the 
Royal Aircraft Establishment, alluded to the 
untimely death of Squadron-Leader G. H. Norman 
last year, whom he regarded as one of the 
most brilliant men that he had met. The idea of 
the R.A.E. electrical indicator took shape in the 
course of a conversation on the subject of indicators, 
and, after collaboration with the staff of the Instru- 
ment Section of the Royal Aircraft Establishment, 
the indicator was produced. It was designed to 
indicate the whole engine—six cylinders—at once, 
but, as produced, would not work, and Squadron- 
Leader Norman turned his attention to the develop- 
ment of an indicator which would indicate, without 
inertia, as far as possible, the pressures generated in a 
Single cylinder. Having, however, other calls on 
his time, he handed the matter over to Lieutenant 
Tayior, of the Royal Aircraft Establishment staff, 
and Mr. Wood, the author of the paper upon the 
instrument, to whom, in fact, credit for the pro- 
dution of the indicator, as presented in the paper, 
was due. The instrument was now so developed 
that it could be taken up into the air and used with 
the aeroplane flying. As a result of the success 





attained, the Air Ministry had given an order for 
six indicators, and they were just being completed. 
One of them was being fitted to a de Haviland 
94 aeroplane having a Napier-Lion engine, and 
this, it was hoped, would be in the air next week. 

Mr. L. Pendred, who was mainly responsible 
for the collection of instruments exhibited at the 
meeting, said he would endeavour to obtain the 
makers’ consent for them to remain on view for 
some time to enable members to look at them more 
at leisure than was possible that evening. After 
it had been decided to adjourn the discussion on 
the several papers until Friday, February 9, Mr. 
Harry Wood contributed some remarks in explana- 
tion of certain points in his paper. 

Mr. W. P. Johnson, who opened the discussion, 
stated that during the past three years he had been 
engaged, in collaboration with Mr. Schofield, at 
Loughborough College, in research work involving 
the use of the optical indicator. The work 
referred to was similar to that attempted by 
Squadron-Leader Norman, namely, to obtain 
simultaneous diagrams from a multi-cylinder engine. 
The problem proved to be one of extreme difficulty, 
but some of the results might be interesting. None 
of the indicators mentioned that evening were, 
at the time, available, and the type chosen was that 
of the late Dr. Watson, partly because Mr. Schofield 
had worked with Dr. Watson on that indicator, 
but principally because it was, apparently, the only 
available indicator that would go into the space. 
Six indicators had to be located in the length of a 
six-cylinder engine. One result of the work was 
an ever-increasing admiration for the prescience of 
the late Professor Watson. The indicator was of 
the two-mirror type, the upper mirror being used 
to reproduce the stroke motion and the lower 
mirror to reproduce the pressure motion. That 
particular combination gave, he considered, ex- 
tremely valuable results. Jf both motions, the 
primary motions of pressure and stroke, were 
imparted to one mirror, there was always a possi- 
bility of interference between the two, but by 
separating them in the manner referred to that 
possibility was eliminated. 

The link mechanism for reproducing the move- 
ment of the piston formed part of the Watson 
indicator itself. When using the indicator, it was 
not necessary to arrange a link motion or a rig, 
such as that shown in Fig. 11, of Professor Burstall’s 
paper. The provision of a rig of that sort would 
not seem to be a very serious matter, at first sight, 
but in an attempt to obtain simultaneous diagrams 
from all the cylinders of an engine—and it was 
evident that that would afford extremely valuable 
information—it was necessary to have a separate 
rig for each cylinder. In the case of their six- 
cylinder engine, it would have been practically 
necessary to reproduce outside the engine a small 
duplicate of the crank and connecting rod 
mechanism, merely to drive the six indicators. 
With the Watson indicators, that necessity was 
eliminated, because the stroke motion was obtained 
by the small eccentric; the drive of the indicator 
was purely rotary. There was no difficulty in 
getting the indicator drive; it was done simply 
by coupling up—by means of a chain for con- 
venience—to some rotary portion of the engine 
itself. That was important, because, at any rate 
with the average petrol engine, the reciprocating 
elements were totally enclosed, so that it became 
necessary to reproduce artificially some of the 
reciprocating elements outside. With the Watson 
indicator it was only necessary to put the indicators 
all in line, and drive the one shaft right through all 
the indicators. 

The arrangement had the advantage of enabling 
a phase-adjusting gear to be readily introduced 
into the drive. None of the indicators referred to 
that evening incorporated the phase-adjusting gear, 
so far as he was aware. The object of the gear 
was to enable the upper (stroke) mirror to be thrown 
out of phase with the piston. This action had two 
advantages ; in the first place, if the phase could 
be so adjusted while the engine was running it was 
possible to set up the mirror much more accurately 
than by any other means, because, by the well- 
known device of retarding the ignition, it could 
at once be seen whether the diagram was in phase 





with the engine. The second advantage was in 
the fact that the diagram could be spread out— 
any portion—right over the stroke, thus facilitating 
study of the explosion stroke, without difficulty, 
while the engine was actually running. In the case 
with which he was dealing, the mechanism could 
be temporarily thrown out of phase with any of 
the six cylinders, and any portion of the stroke 
in any cylinder could be studied. 

Mr. D. R. Pye, referring to Mr. Collins’ micro- 
indicator, thought that the chief claim for it was 
that practically all joints were eliminated. Anyone 
who had used the Hopkinson indicator extensively 
would recognise the trouble introduced by the large 
number of joints, particularly those at the spring 
fixings. The first question\to ask in the case of a 
micro-indicator of that kind was, what accuracy 
was it reasonable to expect? With a diagram 
3 mm. long and 1 mm. to 2 mm. high, there would 
appear to be considerable disadvantage to start 
with. He had, however, satisfied himself that it 
was possible to read accurately the fine dark line 
between the two fat white lines, which at first made 
the diagram seen obscure under a microscope, to 
about 1/100th mm. He did not suggest that 
therefore the indicator was accurate to 1 in 200 if 1t 
had 2 mm. height, but he thought there was no 
reason why the line should not be read to at least 
2/100th mm. He had taken extremely good 
diagrams with the indicator in question, running 
at something above 1,000 r.p.m.; they repeated 
themselves with almost perfect consistency with 
the engine running perfectly regularly on full 
load. 

During the expansion stroke he had observed 
that although a perfectly clean top was obtained, 
slight waves started later. He had suggested to 
Mr. Collins the possibility that that phenomenon 
might have arisen by the twisting of the thin plate 
spring carrying the stylus. At all events that was 
a clearly conceivable thing to take place. The 
waves were far slower in period than the natural 
period of the indicator; they were not indicator- 
spring vibrations. 

The spherical piston used by Mr. Collins was 
interesting. Mr. Collins had carried out numerous 
experiments and he understood that he had been 
led to believe that, owing to the far finer clearances 
which could be used when employing a spherical 
piston, it was possible to get tightness which was 
quite as satisfactory with a spherical—not a barrel— 
piston in a cylindrical cylinder as with a cylindrical 
piston in a cylindrical cylinder. The chief reason 
for that was that larger clearances had to be allowed 
for in the case of a cylindrical piston, which always 
went over to one side of the cylinder. In connection 
with leakage past pistons he might mention that 
he had adopted the dodge (in a case where it was 
absolutely essential that there should be no pressure 
leakage) of turning the indicator upside down and 
filling it with oil above the piston; in this way an 
absoultely tight joint was effected and at the same 
time the piston was perfectly lubricated. In using 
that device there was practically no leakage of oil 
down on to the working parts of the indicator. 
The instrument had been used with special apparatus 
at high temperature. The actual quantity of oil 
used was not, he thought, sufficient to affect 
inertia. 

The President then adjourned the meeting to 
February 9, and announced an informal meeting 
of the Institution on Friday, January 26, at 7 p.m., 
the subject for discussion being ‘* Cargo Conveying 
and Elevating Machinery,” to be introduced by 
Major F. Du Plat Taylor. There would be another 
informal meeting on Friday, February 2, when 
Mr. A. L. Chorlton would introduce the subject of 
the “‘ Use of Alloy Steels.” On Thursday, February 
15, the reception and conversazione of the Institution 
would be held at 8 p.m., at the City and Guilds 
Engineering College, South Kensington. The accom- 
modation of the Institution Building had proved 
quite inadequate for such functions in recent 
years. Forms for tickets (5s. each) would be issued 
with the February Journal. The annual general 
meeting would be held on Friday, February 16, at 
6 p.m., when, after the business, a paper would be 
read on the “‘ Mechanical Problems in the Rubber 
Industry,” by Mr. H. C. Young, associate member. 
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MULTI-CUTTING TOOL ARRANGEMENTS. 
By JoserH Horner. 
(Continued from page 64.) 

Tools Used in the Lathe—When Whitworth set 
two tools cutting in the lathe, one at the rear in 
addition to the regular tool in front, he unconsciously 
produced the germ of a growth that is only now 
receiving its full developments. Not only has the 
idea been expanded into the use of many tools in 
the lathes, but also in machines of other designs that 
were non-existent then—the turret lathes, the 
milling machines, and the hack-sawing machines. 
The growth of this practice in the lathe is almost 
wholly associated with that of special designs and 
specialised manufacture. The necessary precise tool 
setting does not pay when articles are short, and are 








these is mostly that in which lengths are short | slide is dovetailed to fit this extension. The front 


and diameters small, work carried between centres, 
or chuck work, also of small diameters. The work 
being highly repetitive, it pays to mount batteries 
of tools to perform the cutting, the total time 
occupied in which may not exceed a few minutes. 
It is in these spheres that the most marked advances 
have been made. The lathes are stiff, and driven 
powerfully, and equipped with tool posts of large 
areas, with gripping screws to accommodate several 
tools, which are disposed at back and front. The 
range of tool setting is very wide. A large number 
of single tools can be mounted in an infinity of 
dispositions. The cuts can be heavy without 
causing overstrain, differing in this respect from wide 
forming tools, and from edge-milling cutters. The 
tool-rests, supports, saddles and holders are charac- 





slide has cross adjustment for setting the tool to 
divide thecut. Theslides can be operated in unison, 
or independently with a telescopic screw. They can 
be locked after setting. ' 
Another design is that of plain rests, connected, 
and used for multiple shoulder turning, with longi- 
tudinal and cross-feed stops. The hinder rest is 
movable on a planed pad on the bottom slide, 
adjusted to the various diameters of work, and 
clamped with four T-head bolts. A round nose 
turning tool is carried in the front rest, and a 
squaring tool in the rear one. The cross-stops size 
the diameters, and the longitudinal stops set the 
proper lengths for the shoulders. The back rest is 
brought to individual stops, to form shoulders, a 
cross stop being effective for both front and rear 
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Lo-SwinG LATHE FITTED WITH Two MULTIPLE TooL CARRIAGES. 




















Fie. 34. 


Fies. 34 anp 35. 


not repeated. It is retained in the case of specially 
long articles, as shafting, and gun tubes, for which 
either three or four tools are mounted on one 
carriage, and the number of rests is increased to two, 
four or six. Axle lathes have similar provisions. 
Heavy roughing cuts, and following finishing cuts 
are combined. The lengths being turned, and the 
repetitive character of the work permit of occupying 
time in tool-setting. The tools are only removed 
to be re-ground. Another case of multi-cutting long 
practised in the locomotive shops is that of tyres, 
and wheels. The diameters are large, and so long a 
time is occupied in making a revolution that the face 
lathes and boring lathes and mills provide for 
simultaneous turning and boring, roughing and 
finishing cuts following each other. 

An advantage of using tools cutting on opposite 
sides in turning operations is that the pressures are 
balanced, so that there is no risk of slender work 
becoming pushed away or distorted. A single tool 
working on slender pieces requires a back steady to 
resist its pressure. A second tool in opposition 
to the first becomes a steady to the first. This also 
is of value when thin-walled shells have to be turned 
and bored. Ifthe tools are adjusted to their correct 
radii they also serve to size the work. 

Tools Used in Special Lathes.—The work done in 





terised by handiness, and stability. 
supported as closely as possible to the location where 
the stress of cutting falls, and this, with the deep 
stiff shanks permits of the heaviest cutting with 
tools of high-speed steel. 

Only slight economies are effected if the attempt 
is made to use more than one tool at a time in a 
common tool post, of an ordinary lathe. The means 
of very precise sétting are absent, there are no stops, 
and the build of the lathe is not calculated to with- 
stand the extra stresses imposed. A roughing and 
a finishing tool may be mounted, or in some cases 
a boring, and a turning tool, but the time occupied 
in setting discounts the slight benefit gained. The 
lathe must be built and equipped, so far as the tool- 
rests are concerned to enable it to carry several tools, 
each capable of working at high efficiency, and with 
accuracy. But a considerable volume of work in 
some shops is done in common lathes having special 
equipments for tools to be substituted for the com- 
mon tool post on the carriage. The Le Blond heavy- 
duty lathes are good illustrations of this kind. 

One of the Le Blond designs has an ordinary 
rest at front and at back, to be used for heavy 
roughing. The front and rear cut balance each 
other, so that there is no tendency to lift the carriage. 
The rear slide is extended forward, and the front 





The tools are | rests. 
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Metuop or Securtine Toots on Lo-Swine LATHE. 


The rests swivel and the bases are graduated, 
so that they can be turned to present tools at proper 
angles to the work. A modification of this design 
is that of a plain rear rest with a compound one at 
the front, used for turning angles, such as those of 
bevel gears, &c. 

The most common attachment to an ordinary 
lathe is that of a turret on the tool carriage. In 
some cases these are of hexagonal form, with flat 
faces and a hole in each. But the square turret 
seems better for this purpose. Both kinds are fitted 
on the Le Blond lathes. The hexagon turret 1s 
made to fit either on a slide clamped to the bed 
as in ordinary turret lathes; or it is mounted on @ 
carriage to interchange with any of the tool rests. 
The square turret carrying four tools can be used, 
alone, or in association with a plain rest at the rear 
carrying a forming tool, with the usual provision of 
stops. These are illustrative of the provisions made 
for multi-cutting in lathes that are not specially 
designed for work that is highly repetitive. 

Tool Arrangements in Special Lathes.—These have 
been steadily advancing in the direction of the 
mounting of tools in batteries to operate on a single 
piece, sometimes at one time, or in quick succession. 
The Lo-swing lathe by the Fitchburg Machine 
Works is an excellent example of this kind. It has 
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no turret, but a very rigid design of carriage, | 
carrying a large number of tools in holders. The 
tools are of high-speed steel, those of the knife form | 
predominating, and they may range from 2 to 10| 
in number. The number and the lengths of the | 
carriages are supplied to special requirements. The | 
lathe has a limited range in regard to the diameters | 
being turned, which are confined to sizes below | 
4 in. This limitation enables the best provision | 
to be made for holding work within that capacity, | 
and for dealing with it. It does not include chuck | 
work, Its sphere is that of turning to shoulders, 
and tapers, and back facing. 

The two tool carriages, supported on the front vee 
shear of the bed, Fig. 32, page 96, each receives three 
tool blocks, the holders, which can be clamped in any 
longitudinal positions on the carriages to cover 
a range of diameters. This is the first feature 
in solidity—that of two joint fittings only, one, of 
the carriage to the bed, and one of the holder to the 
carriage—compare with the rear view, Fig. 33, 
showing one carriage, and the loose poppet. This | 
contrasts favourably with the slides of the ordinary 
tool post in the common lathe. 

Solidity is assured by the method of securing the 
tools. They are not clamped on the holders, but 
are fitted closely in a hole pierced through the block, 
and therefore enclosed by it, see Figs. 33 and 34. 
And the adjusting or feed screw is not situated 
below the tool, but behind it, fitting directly against 
the butt end of the tool, to which it is. connected, 
The screw is threaded into the body of the block 
behind th» recess broached for the tool. To permit 
of moving the tool in and out rapidly for the purpose 
of making adjustments, a wedge-shaped block is 
located over the tool, which is locked by a quarter 
turn of a clamping screw. Micrometer adjustment 
's provided on the feed screw to regulate the depth 
of feed to the tool. These blocks hold a single tool 
each, centrally, but when it is necessary that tools 
shall be very close to each other, as for turning, 
necking, or squaring, several tools are clamped 
in one holder. When it is desired to get the points 
of tools more closely together than the central 


| 
| 
| 
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Fig 41. 
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Fig. 42. 


holders will permit of, offset holders, right and left- 
handed, are provided, in which the tools and their 
screws go through the blocks at an angle, instead 
of parallel. Lever tool blocks are also supplied, 
chiefly for turning cams on their shafts. The blocks 
are applied to the carriage as are the ordinary holders. 
The tool and its screw are held in a slide within 
the block. The slide is moved in and out with a 
rack and pinion, operated by a hand lever at the 
right. The tools are thus fed into the desired depth 
simultaneously, the carriage feed being then thrown 
in, and the turning proceeded with. 

The fitting of the carriages on the front shear of 
the bed permits of running them with the tool blocks 
past the tail-stock if necessary (see Fig. 32). Flexible 
oil pipes and nozzles are connected to the carriages, 
and to a geared pump built into the headstock end 
of the lathe by which an ample flow of cutting 
compound is distributed over as many tools as are in 
operation (Figs. 32 to 35). Taper-turning is provided 
for with a form (Fig. 35) and spherical-turning 
similarly. Both taper- and parallel-turning can be 
proceeding at the same time. Roller steadies are 
provided to support the work. These (Figs. 32, 
34 and 35) bolt to the bed. The rollers are adjust- 
able, and their carriers are swung back when desired, 
withovt altering the position of the body of the 
steady. A form of follow rest is also used, to be 
attached to the tool block, and travel with it. 
These rolls can be swung back also. The lathe is 








Tue Fay Automatic LatHe Equiprpep with Two Toot Biocks. 


driven either with a constant speed belt pulley 
(Fig. 32) or with a motor. Seven spindle speeds, 
and nine changes of feed are obtained through 
enclosed gears. A large waste oil tray surrounds 
the bed. 

Examples of Multi-Cutting.—Fig. 36 shows the 
turning of one end of a rear axle from 34 in. steel 
bar. Each end occupies 15 minutes. Five tools 
of high-speed steel are cutting, all arranged to 
finish their traverse together, which is the stage 
shown. The longest cut determines the traverse 
of the carriage. Four cuts are parallel, one is 
tapered. The taper attachment consists of a 
bracket attached to the ways of the bed to which 
the taper-templet A is locked. The tool holder on 
the carriage bears through a vee block against the 
templet, which thus controls the cut as the tool 
moves with the carriage. The templet bracket is 
adjustable automatically with the stop rod B, 
maintaining the same relation of taper to shoulders 
for all pieces turned. The attachment is seen also 
in the photographs, Figs. 34 and 35.. The turning 
of tapered and parallel portions is seen to be pro- 
ceeding at the same time. The micrometer pro- 
visions for the parallel-turning tools are seen in 
Fig. 36. 

Fig. 37 indicates the position of a steady rest A, 
being employed in opposition to the heaviest cut on 
a rear axle. Six tools are shown at the termination 
of their cuts, two being in a taper attachment, the 
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leading tool cutting a parallel portion as the hinder 
tool is completing the taper. Two or more tapers 
can be turned under the guidance of suitable tem- 
plets. Other tools that come into play subsequently 
are B, for completing the shoulder C, and D for 
forming the convex end E. The time occupied is 
30 minutes. 

Figs. 38 and 39 illustrate two stages in the turning 
of a transmission shaft. In Fig. 38 the longer 
parallel portion is turned, and the stem at the end, 
followed by the forming of the shoulder A with the 
tool B. In Fig. 39 the piece has been re-chucked, 
and the tapered end and adjacent parallel portion 
turned with two tools in one block. A steady rest C 
is used. Then the tool D turns the portion E to be 
threaded, and tool F forms the recess G which allows 
the threading tool to clear. ‘The time occupied is 
10 minutes. 

Fig. 40 is an automobile steering knuckle. Four 
tools are mounted, the small diameters with separate 
holders, one of which, A, is an example of a right- 
hand offset holder, the tool being very close to its 
fellow. This also undercuts the recess behind the 
portion that has to be threaded. The other two 
tools are mounted in a taper attachment, the rear 
one cutting the taper, followed by that at the front 
cutting the parallel portion. The turning time is 
5 minutes. 

The Fay automatic lathe is equipped with two 
tool blocks, one at front and one at the rear, carrying 
ordinary lathe tools, for gripping which a number of 
set screws are provided in a clamping plate. The 
ordinary lathe takes 14 in. centres, another is built 
to take 32 in., and this is fitted with two tool 
carriages in front (Fig. 41). These are carried on a 
stiff cylindrical bar, which also ties head and tail 
stocks in line. The hinder carriage is carried on 
another bar situated higher up. Tapers are turned 
by the guidance of the formers, B, B, adjustable with 
the set screws. The photograph, Fig. 42, shows 
tools in a front and back rest set up for tooling 
rings mounted on an arbor between centres. Gear 
blanks, flanges, pulleys and similar work are treated 
in this manner. 

The foregoing examples are fairly typical of 
work done in lathes and automatic turning mach- 
ines, some being equipped with turrets, others 
without them, while some include chuck work in 
addition to that done between centres, or chuck 
work exclusively. The rival methods are those 
which are associated with the work done in the 
turret lathes, which are not qualified to deal with 
lengths so great as the lathes. This point may 
engage our attention in the next article. 








STERNWHEELERS. 
By JosepH IRvInG. 
(Concluded from page 66.) 


The types of engines fitted in sternwheel steamers 
varies very much from the old-fashioned low-pressure 
non-condensing engines of the Mississippi boats to 
the modern high-pressure triple engines fitted by 
the Germans. The British engineers fit almost 
anything between the two extremes, but it used to 
be the usual practice to fit a single non-condensing 
cylinder on each side of the vessel with the wheel 
between them. Each cylinder took steam direct 
from the boiler and exhausted to atmosphere. The 
next advance, of course, was to make the engine 
compound, and then a condenser was fitted. In 
some rivers it is, of course, quite necessary to have 
a condensing engine owing to the muddy water, 
but in some tropical rivers where sternwheelers ply 
in the upper reaches, the water is quite clear and 
fresh, and in these cases a condenser is only an 
additional complication for a native driver to look 
after. From the weight point of view, too, the 
condenser means a certain increase in the engine 
room and, in addition, the boiler will have to be 
made larger owing to the loss of the exhaust blast 
in the funnel. Condensers then should never be 


fitted in sternwheelers unless absolutely necessary. 
The condensing engine, of course, is more economical 
in fuel consumption than the non-condensing, but 
as these vessels usually burn wood fuel, and gather 
it from the banks of the river in which they ply, 
the freight earned on extra cargo will be more 
Some recently 


than the cost of the extra fuel. 


built vessels have been fitted with jet condensers, 
but it would appear that if the water in the river 
is good enough to warrant the use of a jet condenser, 
the water could be pumped direct into the boiler 
and the condenser dispensed with altogether. All 
the circumstances of course have to be considered 
together, but the non-condensing engine has nearly 
all the advantages in sternwheelers. 

The sternwheel engine, perhaps more than any 
other type of engine, lends itself to variation of 
design in the details of the engine itself, especially 
in connection with the guides, crosshead and 
columns. The simplest form is that in which the 
engine parts are all fitted on to the rolled steel 
beams which form the engine seat. The cylinders 
are cast with feet to bolt direct to these beams, the 
guide is of the slipper type of cast-iron, also bolted 
independently to the beams, and the main bearing, 
like the other parts, has no connection with the 
rest of the engine except through the beam. This 
arrangement is perfectly satisfactory if the com- 
ponent parts are all marked off in the shop, and 
stops and keys are fitted on to the beams to prevent 
fore and aft motion of any of the parts. Single top 
end brasses are usually fitted as being rather lighter 
than the double brasses. 

In another design square columns are fitted with 
guides and crosshead of the usual] paddle engine 
type, the crosshead brasses are double and the 
piston rod held in the crosshead by a nut. The 
inner columns are carried right out to the main 
bearing, but the outer columns are made just long 
enough to act as guides, and are connected across to 
the inner columns by a forged bridge piece. In this 
case the weight of the columns replaces the weight 
of the cast-iron guide, and the inner columns tie the 
whole engine from the cylinders to the bearing. 

In a third design the crosshead is the same as 
in the second example, but the guides, instead of 
working on both sides of a square column, slide 
between two cast-iron guides on each side. These 
guides are connected to the cylinder at one end and 
supported from the engine beams or deck at the 
other. The same effect is obtained with a round 
or bored guide, in both cases the main bearing 
standing by itself. 

In connection with crossheads, care must be taken 
to reduce the openings in the after wall where 
connecting rods and eccentric rods pass through, 
otherwise when the vessel is going astern the deck 
will be flooded. 

In some cases the whole crosshead slides through 
the stern wall when a sufficient watertight guard 
must be fitted over it to keep salt or sandy water 
off the guides and to prevent splashing into the engine 
room. 

It is better practice, however, to keep the cylinders 
far enough forward to avoid the necessity of the 
guides going through the bulkhead. It is then 
only necessary to provide a narrow slot for the 
connecting rod to swing in, and the whole of the 
guide surface is available for attention or overhaul. 
This arrangement makes the connecting rod and 
engine seat rather longer, thus sacrificing some 
weight for the sake of convenience. 

In the endeavour to reduce the size of the openings 
in the stern wall Gooche’s valve gear is sometimes 
fitted, with the result that two small holes only 
are required for the eccentric rods, instead of a long 
slot. This gear means a reverse quadrant and a 
swinging radius rod between the quadrant and valve 
spindle. 

The paddle wheels in this vessel are nearly 
always of the radial type, with the floats in one 
piece, and it should be noted that with the single 
wheel and an engine on each side of the ship only 
two main bearings are required. 

The American engines are usually placed at the 
sides of the vessels, with a single wheel between 
them like the foregoing, but they have one or two 
peculiarities not found elsewhere. . 

The valve gear is of the drop type with adjustable 
cut-off gear—the stroke of the piston is very long, 
and the connecting rods, usually made of wood, are 
from four to five times the length of the stroke, 
in some cases as much as 35 ft. between centres. 
These long connecting rods are sometimes trussed 
and fitted with tension rods. 





The paddle wheels are nearly always of wood | have been made in which the wheels are built up 








throughout, and of very large diameter and heavy 
scantlings. ¥ 

When the main engines are fitted on the centre 
line a very large variety of arrangements become 
available, all more or less open to criticism. First of 
all it is necessary to have four bearings, even if an 
overhung wheel be fitted, and if a two or three-crank 
engine is to be installed, then of course the number 
of bearings is still further increased. 

The multiple crank engine has the further 
objection that the wheels have to be widely 
separated to make room for it, thus throwing the 
floats further out from the centre line, where they 
are more liable to damage. 

Single crank engines are not often fitted owing 
to the objectionable impulsive motion imparted 
to the vessel, but a very narrow compound engine 
is sometimes built by fitting one cylinder on top of 
the other, the centres being just far enough apart to 
allow the connecting rods to work on separate cranks, 
and to allow also of a link being fitted between 
these cranks to maintain the a:zle between them. 
Each crank drives one wheel, and there is no con- 


nection between the wheels but the link. This - 


makes a very neat, compact and efficient engine, 
and the pumps for a condensing set can be con- 
veniently driven by a tail rod from the lower 
cylinder, usually the low pressure. The upper 
cylinder may be so high that an opening must be 
provided in the upper deck, which is a disadvantage. 

Sometimes the wheels are fitted with clutches 
so that one may be driven by the engine while the 
other revolves freely. A further development of 
this idea is to fit an independent engine on each 
wheel so that one may go ahead while the other 
goes astern. The benefits derived from these 
arrangements as far as quicker steering is concerned 
are not very great, owing to the wheels being so 
far aft and so close together, and owing also in 
great measure to the confusion and interference of 
water streams under the stern of the vessel. In 
one steamer fitted with clutches for disconnecting 
the wheels it was found that better steering was 
obtained by keeping both wheels running. The 
provision of clutches involves a slight extra weight, 
but when it is desired to be able to make one wheel 
go astern while the other goes ahead, a whole 
additional engine must be provided. This is 
sometimes done without any provision being made 
for connecting the two wheels in ordinary ahead 
running, but the results obtained with independent 
wheels do not warrant the sacrifice in weight 
necessary and the additional expense and com- 
plication involved. 

Three-crank triple engines are occasionally fitted 
by British builders, but tiie great width of such 
a design makes it out of the question in most cases. 

Triple engines, however, are very common on the 
German sternwheelers where the engine is always 
fitted on the centre line. In these vessels, the 
wheels are small in diameter, run at a high speed, 
and have feathering floats. The indicated horse- 
powers run up to 750 in the largest vessels which 
can go through the locks, and high-pressure super- 
heated steam is used. 

Regarding the paddle wheels themselves a great 
variety of types present themselves, from the large, 
heavy wooden radial wheels of the American boats 
to the small, light steel feathering wheels fitted 
on the German boats. 

Where a wheel is liable +o frequent damage due 
to floating obstructions or grounding, it should be 
of the radial type, as this is very simple to repair ; 
but where there is a prospect of a wheel being more 
than usually immune from accidents it will always 
pay to fit a feathering wheel. 

Among the advantages obtained by fitting @ 
feathering wheel the greatest perhaps is that a 
smaller diameter is permissible running at a higher 
speed, and therefore the engine may be lighter 
and with a shorter stroke. The weight of over- 
hanging steelwork then can be reduced, the wheel 
can be fitted closer in and the cylinders will be 
further aft, thus clearing a little more all-valuable 
deck space. The only objection is the additional 
complication in the wheel itself. 

Needless to say the steelwork of the wheel should 
be as simple as possible, and some very neat designs 
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of straight bars, no circular rings at all being fitted. 
There is really no reason why the rings of a paddle 
wheel should be round when a polygon shape is 
easier and cheaper to make and repair. 

The floats are usually made of American rock elm, 
but sometimes teak is used. The latter, however, 
is much heavier than elm, although more easily 
procured in some parts in the tropics. The arrange- 
ment of floats varies very much, and the efficiency 
of the wheel depends on the immersion of the lower 
edge. This cannot, of course, be altered as the ship 
proceeds on her voyage and loads or discharges 
cargo, but it is usual to arrange that the floats may 
be ‘‘reefed’ in towards the centre of the wheel 
in the high-water seasons to permit of deeper 
loading without drowning the wheel. 

A design was patented and jitted in some 
steamers many years ago, in which the whole of the 
machinery was mounted on trunnions so arranged 
that the wheel could be raised and lowered to suit 
the draught available, but very few steamers have 
been so fitted. 

Sometimes the floats are fitted like the teeth 
of a double helical wheel, and sometimes they are 
stepped, that is, the outer half is fitted on one side 
of the arm and the inner half on the other side of 
the arm. With double wheels the floats of one 
wheel are usually placed opposite the spaces between 
the floats of the other wheel instead of having the 
floats in line, but none of these arrangements give 
any great advantage. The best thing to do is to 
bend or cup the floats so that they hold the water 
better than a flat float, but this is rather difficuit 
to arrange on a radial wheel with wooden floats, 
although easy enough on a feathering wheel. With 
wooden floats the cupping is done in straight 
segments instead of being curved. 

In feathering wheels the star centre or jenny 
instead of revolving on @ pin of its own must revolve 
on a bearing large enough to allow the shaft to pass 
through—this, although increasing the weight and 
complication slightly, is unavoidable unless an 
overhung wheel is fitted. 

An overhung wheel can be fitted on each side 
when the engines are on the centre line, but as the 
paddle shaft must necessarily be very short the 
bearings must be rather large and very securely held 
down to take the heavy strain so that the weight 
saved by the omission of the supports for the outer 
bearings is probably all lost again in extra stiffening 
at the inner ones, and again no bearings are saved, 
for there must be four inner bearings for two over- 
hung wheels, The two outer bearings are simply 
moved to the engine side of the wheel and increased 
In size so that the overhung wheel is no lighter even 
when the star centre is mounted on the shaft, and 
if this item be fitted as is usual in side paddle- 
steamers then the increase of weight is still more 
serious, 

Regarding boilers for sternwheelers the locomotive 
type was fitted for many years, but modern vessels 
usually take advantage of the water-tube type. 
For vessels in charge of native drivers the steam 
drums Should always be of extra large capacity. 
Large fire-grates also should be provided for burning 
wood fuel. 

_ In vessels having non-condensing engines exhaust- 
ing up the funnel, some means should always be 
adopted to trap the water from the exhaust before 
it enters the funnel. With this arrangement, too, 
It 1s necessary to remember that the faster the 
engine goes the brisker the draught, and it is 
necessary to have a damper fitted in the funnel to 
control the draught, or the vessel may be blowing 
off all the time. It is also very necessary to 
remember that the damper should be fitted below 
the exhaust pipe. Boilers should be fitted on deck 
if possible, not to interfere with the fore and aft 
bulkhead on the centre line and thwartship bulkhead 
to take the weight of the boiler out to the main 
side girders, It very often happens, however, that 
the boiler is so high that if fitted on top of the main 
coal it would require a considerable opening in the 
pper deck to accommodate the safety valve and 
other mountings and for access to valves and 
manhole. This is the more serious, as the fore end 





_ the upper deck is usually occupied by the first- 
_ 488 passenger accommodation, and as this is usually 
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and the funnel which must go through, it is advisable 
to avoid steam heating if possible. The alternatives 
are to sink the boiler in the main deck, or fit two 
boilers of a smaller size. Two boilers usually mean 
two funnels, and increased weight all round, and 
although very often fitted, it is cheaper and lighter 
to fit one boiler and sink it under the main deck 
level, and compensate for the cutting of the centre 
line bulkhead by fitting two side bulkheads which 
form the enclosure round the boiler. 

The firing end of the boiler should always face 
forward, especially with natural draught installa- 
tions, but when the boiler is sunk in a hold the 
stokehold extends so far forward that it unduly 
crowds the capstan or windlass. 

On no account should any risk be taken of having 
the boiler too far aft, as it is usual to run stern- 
wheelers in their loaded condition, trimming slightly 
down by the head, and if the boiler be too far aft, 
either the ship will trim down aft or else cargo will 
be shut out to preserve the required trim. 

Auxiliary engines should be as few in number 
and as simple in design as possible. When the main 
engines are non-condensing no pumps should be 
fitted aft, the feed pump being of the independent 
type and fitted alongside the boiler. With con- 
densing machinery great care should be taken to 
make the condenser and its attendant pumps as 
light as possible, as these must of necessity be fitted 
aft where a saving of weight is especially valuable. 

Generally all hull and machinery details such as 
mooring bollards, fairleads, hand rails, cocks, valves, 
tie-pieces, pipes, &c., should be specially designed 
for shallow draught vessels, as it is, of course, of 
prime importance that in this class of vessel no 
unnecessary weight be allowed on board. 








THE NECHELLS POWER STATION OF 
THE BIRMINGHAM CORPORATION. 


By W. Noste Twetvetrrens, M.I.Mech.E., 
A.M.I.E.E., M.Soc.C.E. (France). 


TuE supply of electricity was first commenced 
in the City of Birmingham by the Incandescent 
Electric Lighting Company, to whom a Provisional 
Order was granted in 1882, and whose engineers 
were Colonel Crompton and Mr. Henry Lea. A 
generating station of modest dimensions was 
equipped by the company in the neighbourhood 
of Paradise-street, current being supplied to the 
Town Hall and some adjacent buildings. Owing, 
however, to non-fulfilment of certain obligations 
by the company, the Provisional Order was can- 
celled by the Board of Trade, and in 1889 a new 
Provisional Order was obtained by the Birmingham 
Electric Supply Company, Limited, which con- 
structed and equipped a generating station in 
Dale End, the present headquarters of the City of 
Birmingham Electric Supply Department. 

In 1896, the Supply Company opened a second 

generating station, and a sub-station, and four 
years later, the undertaking was purchased by the 
Corporation.. The decision of the city authorities 
in 1903 to acquire and electrify the tramway systems 
necessarily involved additional generating plant, 
and a subsequent extension of the electric tramways 
practicaliy doubled the previously existing demand. 
In order to cope with requirements, the Electric 
Supply Committee established a large generation 
station in Summer-lane, near the Birmingham and 
Fazeley Canal. In addition to supplying the tram- 
way system, this station provided current for con- 
sumers of electricity for lighting and power, sub- 
stations being built and equipped for the supply of 
consumers in outlying parts of the city. 
When the city boundaries were extended in 1911, 
the Electric Supply Committee acquired the 
generating stations of the Handsworth Urban 
District Council and the Aston Manor Borough 
Council. The former of these is now a sub-station 
on the Birmingham system, and the latter is 
employed partly as a generating station and partly 
as a sub-station. Apart from the Handsworth and 
Aston stations, the area of Greater Birmingham, 
comprising some 68 sq. miles, was supplied imme- 
diately before the outbreak of war by three genera- 
ting stations, all so fully occupied by plant that no 
increase of output could be obtained from them. 





hot enough due to the natural climatic conditions, 


With the object of coping with the continually 
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increasing demand for electricity, Mr. R. A. Chattock, 

M.IL.E.E., the city electrical engineer, had prepared 
plans for a large new generating station at Nechells, 
where work was commenced in 1914, but, owing to 
war conditions, was suspended during the succeeding 
year. Within a few months, however, the demand 
for electric power in the production of munitions of 
war became so great that the construction and 
equipment of a temporary generating station at 
Nechells were commenced with the approval and 
support of the Government. In 1918, work was 
resumed on the permanent generating station at 
Nechells, and the first section of this important 
establishment was completed early this year. 
It should be noted, however, that the scheme of 
the city electrical engineer provides for extensions 
which will be carried out in accordance with future 
requirements. 

Before the setting to work of the permanent 
station at Nechells, Birmingham was supplied from 
four principal generating stations and numerous 
sub-stations at various points. Brief particulars 
of these stations are given below. 

Summer-lane Generating Station.—This station, 
with a generator capacity of 35,000 kw., is equipped 
with 33 water-tube boilers, six sets of direct-current 
generators and eight sets of alternating-current 
generators, some driven by reciprocating engines 
and others by steam turbines. Supplies from the 
station are as follows: 5.000 volts three-phase 
25-period supply to sub-stations, where the current 
is transformed to 440-volt and 220 volts direct 
current for light and power, and to 550 volts direct 
current for tramway use; 5,000 volts three-phase 
current direct to large power consumers ; 440 volts 
direct-current trunk supply to Water-street genera- 
ting station and Dale End sub-station; and 550 
volts direct current for tramway services. 

Water-street Generating Station—The plant here 
comprises eleven Lancashire boilers and four 
direct-current generating sets, the total capacity 
being 2,100 kw. ; 

Chester-street Generating Station.—The plant here 
includes ten water-tube boilers, four alternating- 
current turbo-generators and three direct-current 
sets driven by reciprocating engines, the total 
capacity being about 6,000 kw., together with about 
4,000 kw. of rotary converter plant. Direct current 
is distributed in the older part of the supply area 
on the three-wire system, and alternating current for 
Erdington, Witton and Lozells is supplied at 6,000 
volts to ten sub-stations, where it is transtormed 
down to suitable voltages. 

Nechells Temporary Generating Station.—Designed 
to meet pressing demands during the war, the con- 
struction of this station was commenced early in 
1915 and completed before the end of the same year, 
the actual time occupied having been only nine 
months in all, a fact on which the engineer and all 
concerned may be congratulated. The original 
scheme provided for an output capacity of 10,000 
kw., and the Treasury contributed a little more than 
100,000. towards the cost. As this output proved 
quite inadequate to meet the demand, additional 
boilers and generators were installed, bringing the 
total capacity up to 22,000 kw. 

It should here be mentioned that the temporary 
station was built on a site edjoining that of the 
permanent station. The site offered several recom- 
mendations, among them being the opportunity 
of using the railway sidings already constructed 
to serve the permanent station, a frontage on the 
Birmingham and Warwick Junction Canal, and 
ample space for coal storage and the disposal of 
ashes. As the soil consisted largely of clinker 
from an adjacent destructor station belonging to 
the corporation, with a substratum of running sand 
about 10 ft. beneath the surface, the buildings were 
erected on a concrete raft. Moreover, they were 
designed so that they could be taken down and the 
material applied later in the construction of buildings 
for the permanent station. 

Sub-Stations.—The electric supply undertaking 
comprises 11 rotary converter sub-stations and a 
number of static transformer sub-stations in various 
parts of the city for the distribution of direct current 
to local tramway services and low-tension current 
to light and power consumers. The sub-stations 








are supplied from the generating stations with 
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high-tension three-phase alternating current, which 
is converted or transformed, as the case may be, and 
distributed to consumers at pressures of 440 volts 
and 220 volts, several of the converter stations also 
supplying direct current at 550 volts to the tramway 


routes in their districts. 


NECHELLS PERMANENT GENERATING STATION. 





The new generating station has been established | 
on a site purchased from the Birmingham, Tame! 
and Rea District Drainage Board, and previously 
forming part of the sewage farm of that body. The | 
site is an approximately triangular area of about 
21 acres bounded by the Birmingham and Warwick | 
Junction Canal, the River Rea and the present | 
sewage farm. The total canal frontage is about, 
2,200 ft. in length, and the site extends back 830 ft. 
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heavy buildings and other 





structures forming part | novel basis of a competition among contractors for 


of the new generating station. Ordinary founda-| the organisation and supply of the plant for carrying 
tions carried down to the sandstone would, however, | the reinforced concrete works to completion. The 
have involved extensive excavations and pumping| value of the contract was assessed at a fixed sum, 
operation entailing abnormally heavy cost, and after | and it was arranged that a bonus should be given 
full consideration it was decided to adopt concrete | for any saving upon the amount. Messrs. A. 


pile foundations. 


| Jackaman and Son, Limited, were the successful 


The leading firms of reinforced concrete engineers | contractors, Messrs. L. G. Mouchel and Partners, 
were invited to submit schemes for carrying out| Limited, being the consulting engineers for the 
the necessary foundation works, and after various | reinforced concrete work, as before. The contract 
schemes had been received and considered, the| included the reinforced concrete foundations and 
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the brickwork for the buildings; the foundations 
| and superstructure of the cooling ponds; the 
| chlorinating house; the new canal basin ;] the 
| widening of the canal; and other works. In the 
| execution of the contract the following quantities of 
| the principal materials were used : Portland cement, 
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at right angles to the canal. The position has been 
well chosen, being well away from dwelling houses 
and with excellent facilities for railway and canal 
transport. It has the.additional advantage of being 
close to a large industrial district where considerable 
power loads will be required, while to the east of the 
site, along the line of the Midland Railway, several 
important factories are being developed, and others 
are projected. Large areas are available for coal 
storage, for the extensive cooling ponds and towers 
necessary and for the power-house buildings. 
Ample space exists in addition for railway sidings 
and for the canal basin and arm which have been 
constructed on the property for the delivery of coal 
brought to the station by water. Fig. 3, on Plate VI, 
is a plan showing the site, its surroundings and the 
general arrangement of the buildings and plant. 
The portions drawn in full lines are those already 
built and equipped, or in progress, and the portions 
drawn in dotted lines represent future extensions. 

Designed for an ultimate capacity of 100,000 kw. 
(actually 105,000 kw.), the main power-house 
buildings comprise, in accordance with the complete 
scheme, a boiler and engine-house 525 ft. in length 
by 164 ft. 3 in. in width by 72 ft. in height above 
basement floor level, or 57 ft. above ground floor 
level, and an adjoining building of irregular plan, 
with an aggregate frontage of about 511 ft., the 
main portion having a minimum width of 45 ft., 
the height of the 5uilding being 57 ft. 6 in. above 
basement level. This building provides accom- 
modation for switch gear and other apparatus, 
storage battery stores, workshops and offices. A 
cross-section through the boiler-house is shown in 
Fig. 4, on Plate VI, and a cross-section through 
the whole station in Fig. 1 on the present page. A 
view of the station from the boiler-house side is 
given in Fig. 2. 

As already mentioned, the permanent generating 
station has been established on part of the old 
sewage farm of the Birmingham, Tame and Rea 
District Drainage Board. Being in the valley of the 
Rivers Tame and Rea, the soil is naturally of low 
bearing power and its value in this respect has been 
greatly impaired by the distribution of sewage sludge 
in large quantities over the site. The soil is 
extremely soft and spongy in wet weather, its 
normal surface level is from 8 ft. to 10 ft. below 
the top of the canal bank. Fortunately, at a depth 
of about 17 ft. below the surface there is a bed of 
sandstone, extending beneath practically the whole 
of the site, capable of affording safe support for the 
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Electric Supply Committee accepted one submitted 
by Messrs. L. G. Mouchel and Partners, Limited, of 
Westminster, who were appointed as consulting 
engineers for the foundations and other works which 
were carried out on the Mouchel-Hennebique system 
of ferro-concrete. The contract for the first portion of 
these and other works which it was decided should 
be executed in the same material was let in 1914 to 
Messrs. A. Jackaman and Son, Limited, of Slough. 
Operations were commenced by that firm and 
continued until 1916 when they were suspended 
owing to war conditions. For the protection of steel 
delivered for use as reinforcement, the bars exposed 
on the site were coated with tar and covered with 
1:8 ash concrete, on the suspension of the works, 
this method of protection having served its purpose 
satisfactorily, but on the subsequent resumption 





of work it was found somewhat troublesome to | 
| beams being in turn connected by secondary beams 


clean off the coating of tar from the steel. 


During 1918, the year of the armistice, tenders | 


were invited, on what was at that time the somewhat 


3,500 tons ; sand, 7,000 tons; granite chips, 7,500 
tons; broken brick, 2,200 tons; steel for rein- 
forcement, 900 tons; bricks, 1,750,000. 

The foundations for the buildings and other 
structures at the new generating station were 
formed by driving reinforced concrete piles down 
to the underlying bed of sandstone. The piles, 
either singly or in groups, are arranged in rows 
following the outline of the buildings or other 
structures subsequently erected, and rows of piles 
were also driven for the support of internal columns 
or stanchions, or as intermediate supports where 
necessary. 

In cases where piles were driven in groups, all the 
piles in each group were connected by reinforced 
concrete so as to form a solid cap. The various rows 
of piles and groups of piles were then connected by 
longitudinal beams of reinforced concrete, these 


of the same material, and the whole system of main 
and secondary beams was finally provided with @ 
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continuous reinforced concrete slab for each 
foundation, providing compression flanges common 
to all the beams, thus converting the foundation raft 
into a monolithic structure composed of interacting, 
continuous tee beams, the raft being in monolithic 
connection with rigid columns or piers formed by 
the single or grouped piles driven down to solid 
rock. The layer of unreliable soil over the sand- 
stone is virtually ignored, although it is capable 
of acting as lateral bracing to the embedded piles 
and. in virtue of the perfectly uniform distribution 
of load by the foundation rafts, of contributing 
considerably to the support of the superstructures. 

Speaking generally, each foundation is essentially 

akin to a framed structure built above ground level, 
and it gives results similar to those which might 
have been obtained by sinking foundation piers 
in the ordinary way, but without involving the heavy 
cost of excavation and pumping which would have 
been necessary. The basement floors of the build- 
ings are more or less at the same level as the normal 
surface level of the ground. Therefore the founda- 
tion rafts in such buildings also serve as basement 
floors, the ground floors being a little above the level 
to which the ground has been, or will uitimately be, 
made up by filling material. The foundation works 
have involved the use of some 2,25* Hennebique 
system piles of 12 in. and 14 in. square, and varying 
from 12 ft. to 26 ft. in length. All these piles 
were moulded and seasoned in an extensive pile- 
yard established on the site. 
" Having now defined the general character of the 
foundation works, we will deal with the structural 
features of the generating station, commencing with 
the power-house buildings and describing other 
structures in turn. 

Power-House Buildings——The main power-house 
buildings constitute one block, the general dimen- 
sions of which, in accordance with the complete 
scheme, have already been stated. The portions 
so far erected are of the dimensions given below :— 


Length. Width. 
Ft. In. Ft. In. 
Boiler-house__... aa asd SS 1G 98 0 
Engine-house... Aa se) Geen@ 66 3 
Workshop and office building... 131 6 30 2 


ota -. 231 0 *45 0 
* Minimum width. 

An extension of the engine-house now in progress, 
for the purpose of affording accommodation for 
an additional turbo-generator, will bring the length 
of the building to 284 ft. 6 in. The extensions for 
which provision is made in the engineer’s plans will 
ultimately increase the length of the boiler and 
engine-houses to 525 ft. each. 

In the boiler-house, the foundation reft is sup- 
ported on piles arranged as follows: Groups of 
five piles are driven at intervals of 21 ft. apart, 
centre to centre, along the canal side of the building ; 
groups of seven piles are driven in rows similarly 
spaced along the engine-house side; along the end 
of the building adjoining the switch-house, the piles 
are in groups of four, five, six and seven, varying 
with the calculated loads, and there are also four 
single piles for outer wall loads, as well as four other 
single piles acting as supports for three intermediate 
longitudinal beams; the piles for the support of 
internal loads are in transverse rows of seven 
grouped piles, the groups being 26 ft. apart in each 
row, and, in addition, there are single piles between 
the groups for the support of intermediate longi- 
tudinal beams, and for the intermediate support 
of the main transverse beams. 

The foundation raft, constituting the basement 
floor, consists of main and secondary beams arranged 
so as to divide the floor into panels. measuring 
13 ft. by 5 ft. 3 in., and of a continuous slab 4 in. 
thick. The floor was calculated for a uniformly- 
distributed load of 2 ewt. per square foot, and the 
piles for the concentrated loads stated below :— 


Concentrated Loads on Groups of Piles. 


Switch-house 








Stanchion | 














2a No. of 
Position, Piles in and Wall Total Load. 
Group. Loads. 
Tons | To 
Canalside .. 5 is) | as 
Engine-house side 7 218 276 
Internal Ge 7 *184 224 
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* Stanchion load only. 





The external walls of the boiler-house are carried 
by reinforced concrete bressummers, 12 in. wide 
by 3 ft. 5 in. deep, exclusive of the thickness of 
the floor slab. The main floor beams are of some- 
what smaller sectional dimensions, these and the 
secondary beams being proportionate to the calcu- 
lated loads. A waste-water channel, 2 ft. 6 in. 
deep by 2 ft. wide, is formed in the basement floor 
and extends from end to end of the building, 
discharging into a large sump whence the water is 
removed by pumping. 

The main floor of the boiler-house is 5 ft. 6 in. 
above the raised level of the ground outside the 
building, and is of brick concrete reinforced with 
expanded metal and carried by steel girders and 
stanchions. The boilers, furnaces, pumps, chimneys, 
motors, tanks, economisers, coal bunkers and other 
details of the steam-raising equipment are carried 
by the steel framework of the building, all loads 
being transmitted to the stanchions supported by 
the groups of piles, by which the weight of the outer 
walls is also supported ds stated above. The 
floor of the pump-room is 18 ft. above the main 
floor, and the floor carrying the feed tanks is 36 ft. 
above the same level. The steel boiler chimneys, 
104 ft. high, are carried on a platform 32 ft. above 
the main floor. 

The engine-house foundation and basement floor 
are constructed on principles generally similar to 
those embodied in the design of the boiler-house 
foundations, but most of the piles are driven singly, 
the others being in pairs and in groups of four. 
The dimensions of the main beams and secondary 
beams and the dimensions of the floor bays and 
panels are not uniform throughout the engine-house 
floor, in consequence of the variations necessitated 
by a loading dock at the switch-house end, pipe 
subways and turbo-generator foundations. Generally 
stated, however, the floor panels range from 7 ft. 
by 4 ft. to 10 ft. 6 in. by 4 ft. 6 in., the main beams 
ranging up to 12 in. wide by 4 ft. deep overall. 
The floor slabs connecting the main and secondary 
beams are 6 in. thick, and the floor was calculated 
for a uniformly-distributed load of 10 cwt. per 
square foot. 

The engine-room floor system brings concentrated 
loads of from 56 tons to 108 tons on the foundation 
piles; the internal walls bring loading at the rate 
of 22 cwt. per foot run, and the external walls 
bring loading at the rate of 65 cwt. per foot run 
on the foundations. The loading dock is a strongly- 
framed reinforced concrete structure, 17 ft. by 
27 ft. in plan by 9 ft. 3 in. high above basement 
floor level, the raised floor being supported on rein- 
forced concrete columns carried up from the 
foundation piles. 

Each of the turbo-generator foundations consists 
of a reinforced concrete slab, 15 in. thick, supported 
on 40 piles, driven in four rows spaced 5 ft. 3 in. 
apart transversely to the axis of the building, the 
piles in the rows being spaced from 4 ft. to 4 ft. 6 in. 
apart. The foundations measure 18 ft. wide by 
45 ft. 6 in. long, and from them mass concrete beds 
are built up to turbine-room level, 23 ft. above the 
basement floor. The total load.on each foundation 
is about 1,180 tons. The driving of the ferro- 
concrete piles for the turbo-alternator foundations 
is shown in Fig. 5, on Plate VII, while Fig. 6 on 
the same Plate shows the shuttering in position for 
forming the foundation block. 

Two pipe subways run partly across the engine- 
house in the direction of the cooling ponds. One 
subway measures 7 ft. wide by 8 ft. deep, and the 
other 9 ft. wide by 12 ft. deep, the subway walls 
being 8 in. thick at the bottom and 6 in. thick at the 
top. As in the boiler-house, a waste-water channel 
is formed in the floor, receiving two branch channels 
and emptying into a large sump. The turbine- 
room floor is of concrete carried by structural steel 
members and the surface is finished with tiles. 
A space has been left between the floor and the 
main walls in order to prevent the transmission of 
vibration to the latter. The engine-house roofing 
is carried by arched steel trusses. 

The workshop and office building adjoining the 
engine-house comprises workshop, battery room, 
stores, mess-room and offices, and is built up from 
a foundation raft supported on piles as follows : 
Groups of five piles, 14 in. square, are driven along 





the wall next to the engine-house, where they carry 
the brick wall and steel stanchions, the total load 
per group of piles being 315 tons; groups of four 
piles, 14 in. square, are driven along the cooling 
pond side carrying the outer brick wall and steel 
stanchions, the total load per group of piles being 
215 tons; groups of five, 14 in. square, piles serve 
as supports for the basement floor and internal steel 
stanchions, the total load per group of piles being 
297 tons. The foundation raft constituting the 
basement floor is divided up into panels 5 ft. 3 in. 
wide ; the continuous slab is 4 in. thick, and the 
floor is calculated for a uniformly-distributed load 
of 2 cwt. per square foot. The lower part of the 
building is devoted to stores; the workshops and 
offices are on a floor level with the engine-room 
floor, and the top floor is occupied as an accumulator 
room. The discharge mains from the condensers 
pass through this building immediately below the 
workshop floor. 

The switch-house adjoining the end of the work- 
shop and engine-house building, comprises switch 
room, control room, galleries and a covered yard 
in which. there is a railway turntable. Part of the 
building is of three storeys and the rest of two 
storeys. 

Cubicles for the 30,000-volt transformers are 
built into the west side of the building at yard 
level. The supports for the foundation rafts in 
the switch-house consist of groups of from three 
to nine 14-in. square piles. In the case of the outer 
walls, the piles are generally in groups of four, 
there being one group of five, two groups of three 
and one or two single piles. The total wall and 
stanchion and other load per group of four piles 
is 170 tons. 

The internal piles are in groups of four, five, six, 
eight and nine, the total load per group of six piles 
being 235 tons. 

The external walls are carried on reinforced 
concrete bressummers, supported directly by the 
rows of grouped piles, and the foundation rafts 
vary in thickness according to requirements. Thus, 
under the earthing and resistance room the raft 
is 12 in. thick ; under the cable chamber it is 6 in. 
thick, and under the cable tunnel it is 8 in. thick. 

On the side of the building, near the end of the new 
canal arm, it was necessary to construct a reinforced 
concrete retaining wall, owing to the railway track 
laid at ground-floor level for the conveyance of 
transformers. The railway in question is equipped 
with a turntable having a reinforced concrete pit, 
the table being 13 ft. in diameter. The groun1 
floor, constructed entirely in reinforced concrete, 
consists partly of a van-way and partly of the 
transformer and pump-rooms. The floor of the 
van-way portion, 6 in. thick, is calculated for a 
rolling load of 5 tons on a 6-ft. wheel base, and the 
transformer and pump-room floor, 4 in. thick, for a 
uniformly-distributed load of 4 ewt. per square foot. 
The van-way slopes up from the outer road to 
ground-floor level, which is some feet higher than 
that of the actual ground level. The ground floor 
of the switch-house and the van-way, together with 
the beginning of the switch-house steelwork, are 
shown in Fig. 7 on Plate VII. 

The generator cable duct runs along the building 
from end to end, involving a load of 4} tons per 
yard run. The building also includes numerous 
applications of reinforced concrete in the form of 
cable chambers, feeder cable ducts, pipe trenches, 
sumps and other details. 

In the design of the power-house buildings, 
Messrs. Ewen Harper Brother and Co., the archi- 
tects acting for the corporation, wisely reduced to 
a@ minimum work in such trades that might be drawn 
upon largely in the erection of dwelling houses, 
and decided to carry the whole weight of the 
structures and their equipment upon steel stanchions 
and girders, supporting the latter in turn upon 
reinforced concrete foundations. By the employ- 
ment of steel framing, the enclosing walls could be 
considered merely as a covering or weather pro- 
tection, one important advantage gained having 
been that the walls in no case exceed 14 in. in 
thickness above ground level. The building of the 
brick screen walls to the boiler-house is shown in 
Fig. 8,'on Plate VII. This figure clearly shows 
the steel coal bunkers supported from the steel 
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framing. The concrete pile foundations to be seen 
in the foreground are for the main columns of the 
coa]-handling plant. 

With the object of still further reducing the use 
of brickwork, concrete has been extensively intro- 
duced, the combination of steel, concrete and brick, 
as well as the employment of reinforced concrete, 
having very materially facilitated the progress of 
the work without detracting in any way from the 
architectural effect. The whole of the elevations 
have been dealt with boldly and on simple lines, 
brindle brick facings have been relieved with 
concrete dressings, and the introduction of expensive 
features has been avoided particularly as the 
generating station is at some considerable distance 
from any public thoroughfares. The engine-house 
roof is polygonal in shape and carried upon latticed 
arched ribs, spaced from 21 ft. to 23 ft. 9 in. apart, 
centre to centre, the ribs having a clear span of 
66 ft. 3 in. The purlins span the full distance 
between the ribs and are of lattice construction. 
The steelwork for this roof can be clearly seen in 
the general view of the steelwork skeletons of the 
engine and boiler houses given in Fig. 9, on 
Plate VIII. 

Adequate ventilation and light are provided 
from both roofs and sides of the buildings, the large 
steel sashes in the walls having each a considerabie 
portion made to open and capable of being operated 
from the floors. The buildings are roofed with 
concrete slabs covered with asphalt and provided 
with gutters of ample capacity in similar materials. 
The roofing slabs were pre-cast, and hoisted and 
grouted in position. Some 30 per cent. of the roofs 
are covered with Hope’s patent glazing, and lead 
flashed. All rain-water is conveyed to the adjacent 
River Rea, and drainage from baths, lavatories, 
sinks, &c., to the sewers. As the basements of 
the power-house are below sewer level, all swillings, 
greasy and other waste water are carried by the 
channels previously described to a large sump, 
being raised by a Stereophagus pump to a higher 
level and finally discharged into the sewer. 

The various floors are finished with blue paviour 
bricks, tiles or granolithic, as best suited to the 
purposes to which they are applied. The interior 
of the engine-house was lined with a glazed brick 
dado 8 ft. high, the upper portion of the walls were 
colour-washed, and the walls in the control room 
of the switch-house were similarly treated. 

The general building contractors were Messrs. 
A. Jackaman, of Slough, who were also the con- 
tractors for the Hennebique system reinforced 
concrete work in connection with the buildings. 
The contractors for the whole of the structural 
steelwork were Messrs. E. C. and J. Keay, Limited, 
of Birmingham and Darlaston. The preparation 
of the various parts required in the construction of 
the buildings and for the support of some portions 
of the mechanical equipment was carried out at the 
Darlaston works of the firm, and material was sent 
to the site in lengths as long as it was possible to 
get round the very sharp railway curves adjacent to 
the generating station. 

The erection of the boiler-house was carried out 
by means of a steam 10-ton Scotch crane with a jib 
93 ft. long. This crane.was placed in such a position 
that it was capable of dealing with a whole bay 
of the boiler-house, being at the same time available 
for erecting the stanchions and gallery girders on 
the boiler-house side of the engine-house. The 
crane had to be mounted on an elevated track, 
which was supported on a number of rolled steel 
joists bearing at each end upon the groups of piles 
destined for use as stanchion bases. The track 
was made in 22-ft. lengths, the crane standing upon 
three sets of tracks. A fourth set was laid at the 
end so that, when ready for being moved, the crane 
could be drawn along by winches for 22 ft., and the 
front length of track taken up and refixed in the 
rear ready for the next movement. 

It was anticipated that the erection of the engine- 
house roof would be performed by derrick and steam 
winch, and the work of erection started before the 
completion of the shell of the boiler-house, but 
owing to unexpected delays in obtaining the various 
sections of steel during 1919 and 1920, this pro- 
gramme could not be followed. The Scotch crane 
having finished its work on the boiler-house was 


transferred to the engine-house, and by the aid of 
an adaptation on the crane, the erection of the 
engine-room roof was accelerated by about two 
months. 

The framing of the workshop and office building 
and the switch-house was erected in the ordinary 
way by derrick and steam winch, the employment 
of a Scotch crane being impracticable owing to the 
varying levels on the site. Over 3,100 tons of 
structural steel were used in the execution of 
Messrs. Keay’s contract, the receiving and unloading 
of the bulk of this material having been dealt 
with by a 7-ton locomotive crane belonging to 
the firm. 

Cooling Ponds.—The area allotted for the cooling 
ponds is in convenient proximity to the power-house, 
one boundary of the site being 60 ft. from the engine- 
house wall and only 20 ft. from the workshop and 
office building, through which pass the main discharge 
and suction pipes connecting the condensers and the 
ponds. The site is quadrilateral in plan, the side 
approximately parallel ‘to the power-house being 
560 ft. long, the opposite side 200 ft. long, the side 
next the sewage farm filter beds and bounded by an 
existing sewer is 500 ft. long, and the curved side 
bounded by a roadway running alongside the River 
Rea is 575 ft. long, all these dimensions being given 
in round numbers. The actual shape of the site 
will be seen from Fig. 3. 

At present, only four ponds have been constructed, 
all of them 75 ft. wide and varying in length 
from 144 ft. to 265 ft., as necessitated by the 
form of the site. These ponds provide for the 
support of 17 cooling towers, but the complete 
scheme includes five additional ponds with 24 
additional cooling towers, making nine ponds and 
41 towers in all. 

Structurally considered, the ponds are shallow 
reservoirs supported above ground level by rein- 
forced concrete piles, 14 in. square in cross-section. 
The piles are driven in rows 12 ft. apart, the piles 
in the rows being 17 ft. and 18 ft. apart, centre 
to centre. They are connected by main beams 
both longitudinally and transversely, and the 
transverse beams are connected by secondary 
beams, spaced as a rule 4 ft. 6 in. apart, the whole 
system of beams being connected by a slab 5 in. 
thick forming the bottom of the ponds. The pre- 
paration of the ground for the ferro-concrete beams 
is illustrated in Fig. 10, on Plate VIII, while the 
beam and column supporting construction and some 
of the erected towers are shown in Figs. 11 and 12, 
on the same Plate. 


(To be continued.) 





Messrs. E. R. Warts anp Sons’ SuRVEYING LEVEL: 
ErratuM.—Messrs. E. R. Watts and Sons, Limited, 
draw our attention to an overlooked misprint in our 
notice of their new surveying level, which was mentioned 
on pages 37 and 38 of our issue of January 12, when we 
commented upon the Physical and Optical Societies’ 
Exhibition. _It was stated that ‘‘ the air bubble of the 
spirit level showed no alteration in length with a tem- 

erature variation from — 4 deg. up to + 280 deg. F.” 
he latter figure should, of course, have been 180 deg. F. ; 
we regret the mistake. 





THE AMMONIA YIELD oF CoAL CARBONISATION.— 
It is generally believed that a portion of the ammonia 
formed during the carbonisation of coal is decomposed 
again in the oven. The yield of ammonia decreases 
with the age of the oven; that is often ascribed to the 
increased leakage taking place through old walls, but it 
may also be due to surface changes in the walls leading 
to changes in the catalytic effects of the hot walls on the 
ammonia vapours. Studying these problems in the 
Department of Coal Gas and Fuel Industry of the 
University of Leeds (Journal, Society of Chemical 
Indusiry, January 5), Messrs. R. A. Mott and H. J. 
Hodsman distinguish between dissociation of ammonia, 
when NH; splits up into nitrogen and hydrogen and 
decomposition of ammonia. In the decomposition 
oxygen probably plays a large part, even when present 
only in very small proportions, and the oxidation begins 
slightly above 300 deg. C., whilst dissociation is hardly 
observed until the way sega exceeds 500 deg. An 
atmosphere of nitrogen does not gst ved the decomposi- 
tion, but that may be because the nitrogen will hardly 
be free from oxygen. In hydrogen the decomposition, 
which may reach 70 per cent., is much diminished. The 
injection of water vapour protects the ammonia, as is 
well known. On the other hand the iron oxide in fire- 
brick, especially in old bricks, in which salt vapours 
and ash have diffused the iron, catalytically favours the 
decomposition. The phenomena are certainly complex, 
but they serve to direct further attention to the charac- 





teristics of the material of the ovens. 


THE WHITAKER TUNNELLING MACHINE, 


As is well known tunnelling machines were effectively 
employed during the war. They were, however, of a 
comparatively small size. Since that time the idea 
has been developed until tunnels of 7 ft. and 12-ft. in 
diameter are now being successfully cut by machines 
which we illustrate in Figs. 1 to 3, Plate IX, and in the 
figures on page 103. These machines are known as the 
D. Whitaker tunnelling machines and are constructed 
by Sir William Arrol and Co., Limited, Dalmarnock 
Ironworks, Glasgow. One of the earlier machines of 
the smaller size is illustrated in Fig. 8, page 103, from 
an inspection of which the recent developments will be 
appreciated. The smaller machines were protected 
by a shield and the excavated material was deposited 
on a conveyor which carried it to the rear where it 
was loaded into trucks. The larger machines since 
developed can operate with or without shield, according 
to the nature of the ground being worked. The machine 
we illustrate on Plate IX is at work on a 7-ft. tunnel 
on the south-east coast. 

Fig. 1, Plate IX, shows the machine erected in 
the works, while its essential features are well shown 
in Figs. 4 to 7, page 103. Figs. 2 and 3, on Plate IX, 
show one of the machines at work in the tunnel it is 
cutting. The machine consists of rotary cutters 
electrically driven, cutting the face and depositing 
the spoil on a conveyor at the rear, the whole being 
provided with means for forcing the machine forward 
so that the cutter lips can bite on the material to be 
excavated. The machine is mounted on rails laid on the 
bottom of the tunnel and is worked forward by an 
hydraulic ram the operation of which is under control 
so that the speed of advance can be regulated as desired. 
All motions of the machine proper are obtained from 
a single electric motor, which in the 7-ft. size is of 
25 b.h.p. The main frame is built up of rolled steel 
sections well gusseted. A platform is arranged on 
either side of the machine. 

The chief operating part is the cutter head, which 
consists of a cast steel centre, 4 ft. in diameter, with 
four steel buckets fixed to the periphery, making up 
the complete diameter of 7 ft. The cutter head is 
fitted and keyed on to the tapered end of a high tensile 
steel shaft and is secured by a large nut. This nut 
is also fitted with a cutter, as will be seen in Figs. 
1, 4 and 5, and this removes the material immediately 
in the centre of the face. The cutting pressure tends 
to tighten the nut while working. Each of the four 
arms of the cast steel centre is fitted with a renewable 
cutter, set at a different radius so that the whole face 
is covered. The buckets are fitted in a similar manner 
with renewable cutters placed at various radii. By 
taking off the four buckets the machine can be with- 
drawn from its tunnel without further dismantling. 

In order to cut into the face the whole machine, as 
already stated, is moved forward by an hydraulic 
ram gear which has a stroke of about 3 ft. The pressure 
is applied direct to the cutter shaft. This shaft is 
bored out to form the ram cylinder. It is fitted with a 
plunger bored down the centre and connected with a 
pump by means of a length of flexible pipe. The 
plunger is fitted with a stretcher crosshead which is 
fitted with large feet at each end. These are forced 
against the sides of the tunnel at the rear of the main 
body of the machine as shown in Figs. 2 and 5. The 
stretcher can also be seen in Fig. 1. When the machine 
has travelled the full 3 ft. the pump is reversed and 
the plunger drawn in. The stretcher is withdrawn 
and pushed forward and again locked to the sides 
and the machine is then in a position to work forward 
another length. The pump for operating the hydraulic 
ram is of the reversing variable stroke type so that the 
forward travel can be regulated as desired. The 
pump is driven from an extension of the main motor 
shaft, by roller chain, and is controlled by a hand 
wheel. 

The material delivered by the cutter buckets is 
carried to the rear of the machine by a spiral conveyor. 
after which it is handled by a belt conveyor for loading 
into cars. The spiral conveyor is driven by chain 
from the main motor through a gear-box. The con- 
veyor works in a steel trough and is fed from a semi- 
circular hopper at the cutter end. The loading belt 
conveyor is driven by a separate small motor with 
starter attached to the frame of the machine. The 
belt is of rubber. It is carried on troughed idlers, 
and delivers into small trucks. The driving drum 
is driven by chain and sprocket. The conveyor is 
mounted on broad-rimmed wheels running on timbers 
placed between the rails. It is arranged as an attach- 
ment to the tunnelling machine, in working travelling 
forward with the latter. 

The main motor is of the enclosed ventilated re- 
versing type rated so that after one-half hours’ run 
at full load the temperature rise will not exceed 90 
deg. F. The motor is provided with a drum-type con- 
troller, and is protected by an automatic circuit breaker 





with overload and no-volt release. An emergency push- 
button switch is arranged at the front of the machine 
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THE WHITAKER ROTARY TUNNELLING MACHINE. 


CONSTRUCTED BY MESSRS. SIR WILLIAM ARROL AND CO., LIMITED, ENGINEERS, DALMARNOCK, GLASGOW. 
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so that the man at the face can at once stop it if 
necessary. An ammeter and voltmeter are provided. 
The motor spindle is connected by a flexible coupling 
to the first-motion shaft of a gear-box, containing 
three reductions for the various main movements. 
The underside of the box carries a large bearing in 
pat is carried the main cutter shaft, this being driven 
from one of the countershafts projecting from the box, 
»y means of sprocket and roller chain. A chain drive 
from another countershaft is taken to the spiral con- 
veyor. The cutter head, motor and gear-box are 
mounted on the spiral conveyor frame. This is con- 
nected with the main frame by a universal joint at the 





back, and by four adjusting screws at the front end. 
These screws are spaced round the frame so that the 
cutter head can be steered in any direction either 
horizontally or vertically, while it is at work. 

We may point out that some differences are shown 
between the machines illustrated in Fig. 1 and. in 
Figs. 2 and 3. In the latter the stretcher and pushing 
gear is of rather different design, while an overhead 
joist and travelling tackle support the plunger. The 
belt conveyor is further shown belt-driven in Fig. 3. 
The latter figure illustrates the manner in which the 
conveyor may be slewed to deliver alternately over 
two tram roads. 












“SThe 7-ft. and 12-ft. sized machines have been a 
work for some time in chalk and marl. We understand 
that the output of the former is equivalent to about 
3 ft. forward travel per hour, or 116 cub. ft. of 
excavation. The working gang consists of one 
labourer at the front of the machine, two drivers, and 
two labourers to look after the filling of the trucks. 
In hard marl the rates of working of the larger 
machines is much greater, rising, we understand, under 
favourable conditions, to over 8 ft. per hour for the 
12-ft. machine. The operating gang is naturally 
increased with the larger-sized machines. 








Tue British INnpustrims Farr, BrrMincHam.— We 
are informed that the interest centreing in this Fair, the 
fourth of its kind, which is to be held between February 19 
and March 2, is quickening appreciably as the time draws 
near. The coming Fair will, to all appearances, be the 
most successful ; the number of exhibitors is the largest 
on record, and several of the sections which comprise 
hardware, metals, engineering, building, brewing, and 
numerous others, have been enlarged. Admission is only 
to bona fide buyers, by official invitation, or on presenta- 
tion of a trade card, and already over 800 requests for 
invitations have been received by the Board of Trade 
from all parts of the world. The Fair is undoubtedly a 
great and very important effort on behalf of British trade, 
and the whole country wishes it success. H.R.H. the 
Duke of York, we understand, has arranged to visit the 
Fair on February 22. 





British Water Suppty.—The Minister of Health has 
appointed a Standing Advisory Committee, formed of 
representatives of the British Waterworks Association 
and the Institution of Water Engineers, to confer with 
representatives of the Ministry on questions of water 
supply. The members of the Committee representing 
the two above-named bodies are: Mr. C. S. Musgrave, 
Chairman of the Metropolitan Water Board; Mr. A. R. 
Atkey, Chairman of the Nottingham Corporation Water 
Committee; Mr. A. B. E. Blackburn, Engineer and 
General Manager of the Sunderland and South Shields 
Water Company; Lieut.-Colonel J. R. Davidson, 
C.M.G., Water Engineer of the Liverpool Corporation ; 
Mr. F. W. Macaulay, Chief Engineer of the Birmingham 
Corporation Waterworks ; Mr. W. Terrey, General 
Manager of the Sheffield Corporation Waterworks. The 
first meeting of the Advisory Committee was held on the 
18th instant, when the subjects discussed included 
(1) the steps to be taken for formulating the outlines of a 
national water policy; (2) the survey of the water 
resources of England and Wales, which is being made 
by the Engineering Department of the Ministry on the 
lines recommended by the Water Power Resources Com- 
mittee in their final report ; and (3) the standardisation 
and testing of water fittings, in connection with proposals 
made by the British Waterworks Association for revising 
the Ministry’s Model By-Laws relating to the prevention 
of waste of water. 
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THE ELECTRICITY SUPPLY OF STOKE- 
ON-TRENT. 


WHEN the five pottery towns were amalgamated in 
1910 to form the County Borough of Stoke-on-Trent, 
the problem of co-ordinating the electricity supply of 
the district presented in miniature much the same 
difficulties which will have to be dealt with on a larger 
scale by the various Joint Electricity Authorities 
now coming into existence throughout the country. 
There were in the area four separate electrical under- 
takings, all differing, as might almost be expected, in 
the nature of the current they supplied. Hanley had 
a power station, dating from 1894, generating single- 
phase current at 100 cycles and 1,500 volts. Longton 
had started in 1900 with a three-wire continuous- 
current system with 460 volts across the outers. In 
1904 Stoke-on-Trent put down a plant, and decided 
on three-wire continuous current, but with 480 volts 
across the outers. One year later the Burslem Corpora- 
tion entered the field, but though copying Longton and 
Stoke with regard to the kind of current supplied, 
decided to differ from everybody else by adopting 
400 volts as the pressure across the outers. At the 
time of amalgamation the rated capacity of the 
various installations was as follows: Hanley, 2,000 
kw. ; Longton, 600 kw.; Stoke, 900 kw. ; and Burslem, 
1,250 kw. As is well known, it was eventually decided 
to build a new station altogether at Hanley, adjacent 
to the existing one, and to come into line with modern 
ideas by generating three-phase current at 50 cycles. 
This station was put into service in April, 1913, and the 
four original stations were provided with the necessary 
converting plant and dropped more or less into the 
category of sub-stations. Their generating plant, 
however, was not dismantled to any greater extent 
than was necessary to find room for transformers and 
converting machinery, and the best of it was used in 
conjunction with that at the new station. 


Test Results Obtained by Mr. W. M. Selvey, M.Inst.E.E., 
at Stoke-on-Trent. 

The tests covered: (1) 1,000-kw. turbo-alternator by 
the English Electric Company, Limited, coupled to 

(2) Condenser and Delas air ejector by Cole, Marchent 
and Morley ; also 

(3) Conversion efficiency from high-tension alternating 
current to low-tension direct current of 1,000-kw. trans- 
former and rotary converter by the Metropolitan-Vickers 
Electrical Company, Limited. 





Turbo- Alternator Results— 
Summary : } 
Actual load, in kw. 
Steam pressure, Ib. per 
sq. in. .. os .. 142-7 |146-4 146-0 |142-4 |139 
: 79- 7 


1,253 


! 
0/5024 739°9 |996-°6 


Superheat, deg. F. a 6 97-5 | 64-7 {100-9 
Steam used by turbine, Ib. | 
per hour .. es .-| 1,483) 8,697 11,640] 15,893] 20,27 
Steam consumption, !b. per 
unit ots es -.) — | 17-52 15-88) 16-04) 16-27 
Condenser Results — Sum- | 
mary : 
Vacuum maintained (30- | 
in. bar.) a .-, 29°18, 29-16 28-99) 28-46) 27-79 
Vacuum maintained 


(30-in. bar) Hg. abs. .. 
Inlet circulating water 
temperature, deg. F... 62:7 | 57-6 62-0 | 69-8 
Outlet circulating water 
temperature, deg. F...| 65-3 | 67-7 76-0 | 87-3 | 98-1 
Temperature correspond- 
ing to vacuum, deg. F. 
Condensate temperature 
observed, deg. F. , 
Heat transmission co- 
efficient (K. log.) 


0-82; 0-84 0-01) 1°54) 2-21 


73-0 | 73-9 79-03) 92-5 |104°5 


66-4 | 69-5 78-8 | 90-6 {102-0 


380-1 645-7 (618-4 


623°3 





Transformer and Rotary 
ae Efficiency Re- 


is: | 
Load, kw. es bs 283 505 780) y9o| 1,218 
Efficiency, per cent. 89-51) 92-97 93-25) 93-57) 93-86 


Caleulation : | | 

Approximate steam con- | | 

sumption per unit of | 
direct - current energy | | | 

at sub-works bus-bars - 18°85 17-02] 17-14) 17°33 








In 1920, although extensions were being carried out at 
the new station, it became evident that still further 
generating plant would be required, and taking all 
circumstances into account, Mr. C. H. Yeaman, the 
borough electrical engineer, decided that the best 
course would be to pu: down a couple of 1,000-kw. 
turbo-alternators, one at Burslem and the other at 
Stoke. The necessary boiler plant was in existence 
and in good working order and the new machines could 
be installed with little more alteration to the stations 
than the removal of a couple of direct-current recipro- 
cating sets, whose combined capacity was only 300 kw. 
The contract for the new turbo-alternators was awarded 
to the English Electric Company, Limited, the Burslem 
machine being of the impulse type and working with 
steam at 140 lb. pressure, 420 deg. F. temperature, 
while the Stoke machine was of the disc and drum type 
to utilise steam at 150 Ib. pressure and 416 deg. F. 
temperature. Both were designed for a vacuum 
of 27-5 in. with the barometer at 30 in. The con- 


PARAFFIN-ENGINE-DRIVEN ELECTRIC LIGHTING SET. 


CONSTRUCTED BY MESSRS. DRUMMOND BROTHERS, LIMITED, GUILDFORD. 
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densing plants were supplied by Messrs. Cole, Marchent 
and Morley, Limited, of Leeds, and were guaranteed 
to give the vacuum mentioned with cooling water at 
80 dey. F. Air is extracted by means of “ Delas”’ 
air ejectors, which consist substantially of two steam 
jets working in series. A test on the Burslem unit, 
made on site by Mr. W. H. Selvey, gave the results 
shown in the foregoing table. 

In addition to the steam plant we have mentioned, 
the recent extensions include a 1,000-kw. rotary 
converter built by the Metropolitan-Vickers Electrical 
Company, Limited, Manchester, and installed at 
Burslem. This works in conjunction with an oil- 
immersed transformer, the latter taking three-phase 
current at 6,600 volts, reducing it to 395 volts and 
passing it to the converter from which a direct-current 
supply at 460 volts to 550 volts is obtained. The con- 
verter deals automatically with out-of-balance currents 
in the three-wire system up to 25 per cent. of the 
full-load current. A further rotary converter of 
similar capacity has been installed at Stoke, by Messrs. 
Bruce Peebles and Co., Limited. This runs directly off 
the 6,600-volt mains and delivers 1,000 kw. of con- 
tinuous current to the three-wire system. The various 
extensions have necessitated the reorganisation and 
enlargement of the switchgear at Burslem, Hanley and 
Stoke, this work being carried out by the Metropolitan- 
Vickers Electrical Company, Limited. For the con- 
venience of operation, overhead travelling cranes have 
been installed at Burslem and Stoke by Messrs. Herbert 
Morris, Limited, of Loughborough. The completion 
of these extensions, which were formally opened on 
the 18th inst., places the County Borough of Stoke-on- 
Trent in a more favourable position than it has ever 
been as regards its electricity supply, and the borough 
electrical engineer, Mr. C. H. Yeaman, deserves credit 
for having handled a difficult problem with con- 
spicuous .success. The new power-house at Hanley 
is simply and well laid out, and the provision of auto- 
matic coal scales to every boiler shows that the main- 
tenance of efficiency is realised to depend primarily 
upon an exact knowledge shift by shift of the duty 
obtained for every pound of coal burnt. 





THE DRUMMOND HOUSE ELECTRIC 
LIGHTING SET. 

A FURTHER application of their 3-b.h.p. hopper-type 
paraffin engine, which is known as the “ Willing 
Worker,’’ has been made by Messrs. Drummond 
Brothers, Limited, of Guildford. We described and 
illustrated this engine in considerable detail in our 
issue of December 8 last, and need not deal with all its 
features again, but such of them as are of interest 
in connection with this new application may be men- 
tioned. This latest employment of the engine is in 





connection with an electric-lighting plant suitable 
for country houses and similar situations. The set is 
illustrated in the annexed figure. As will be seen the 
simple method of mounting the engine and the machine 
it is driving on steel bearers, which has been employed 
in connection with other applications of the engine, has 
been retained. This gives a convenient and semi- 
portable arrangement requiring no further foundations. 

The new Drummond paraffin engine is particularly 
suitable for this application to electric lighting owing 
to the steadiness with which it runs. It is fitted with a 
centrifugal governor which keeps the speed within close 
limits, and there are no missfires. The arrangement 
compares more than favourably with any hit-and-miss 
system for this kind of work. The set is, of course, 
operated in connection with a battery which is a 
necessity in any private-house lighting installation, 
but it is stated that the engine speed is uniform enough 
to enable the lighting circuits to be fed direct from 
the dynamo terminals. The dynamo has an output 
of 1 kw. and is driven at 1,000 r.p.m., and the batteries 
are of Fuller make. The set incindes a switchboard, 
which is shown in our figure. This is carried on an 
independent frame in order that it may be mounted 
in the most convenient place. It is fitted with the 
usual indicating instruments, knife switches, battery 
switch, &c. The standard set is supplied for 25 volts 
and with a 75-ampere-hour battery, but a 50-volt set 
is also available. 





INDUSTRIAL NOTES. 

Tue Ministry of Labour state that employment 
remained bad in December. Short time continued to 
be prevalent, and in many cases the Christmas holidays 
were extended. A further improvement was reported 
in the coal-mining, pig-iron and tin-plate trades and 
in some other branches of the metal trades, and there 
was also an improvement in iron and steel manufacture. 
On the other hand, there was a further decline in the 
cotton industry and in the building trades. The per- 
centage unemployed among members of trade unions 
from which returns are received was 14 at the end of 
December, as compared with 14-2 at the end of 
November and 16-5 at the end of December, 1921. 
The percentage unemployed among workpeople insured 
under the Unemployment Insurance Act was 12-2 on 
December 18, as compared with 12-4 on November 20 
and 16-1 at the end of December, 1921. The total 
number of workpeople registered at the Employment 
Exchanges as unemployed on December 18 in Great 
Britain and Northern Ireland was approximately 
1,408,000, of whom 1,130,000 were men and 203,000 
were women, the remainder being boys and girls. 
At the end of November the number on the Live 





Register was 1,437,000, of whom 1,156,000 were men 
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and 201,000 were women. The number on January | 
was 1,542,000 (men 1,199,000, women 255,000). The 
number of vacancies notified by employers to Exchanges 
and unfilled on December 18 was 14,200 (of which 
5,000 were for men and 7,300 for women), compared 
with 13,500 on November 27. 








There was a further fall in rates of wages in many 
industries in December, but a considerable number of 
workpeople, mainly in the coal-mining industry, had 
their rates of wages increased. In the industries for 
which statistics are compiled by the Labour Depart- 
ment, the changes reported as having taken effect in 
December resulted in an aggregate reduction of nearly 
45,0001. in the weekly full-time rates of wages of 
670,000 workpeople, and in an aggregate icrease of 
nearly 26,000/. in the wages of over 570,000 work- 
people. The reductions reported during November and 
December have been smaller in amount than in any 
month since March, 1921. The principal changes 
affected coal miners in certain districts, men smployed 
in the shipbuilding industry, and wool textile workers 
in Yorkshire. In the case of coal miners, current rates 
of wages were increased by over 34 per cent. i North- 
umberland, by 24 per cent. in Yorkshire and East 
Midland Area, and by about 4 per cent. in Scntland ; 
in Durham there was a decrease equivalent to nearly 
1} per cent. on current rates. In the shipbuilding 
industry there were further reductions, varying in 
amount from 2d. to 2s. 6d. per week, according to 
earnings, in the wages of all but the lowest-paid grades 
of men in the federated districts. Wool textile workers 
in Yorkshire had their ‘‘ cost of living ’’ wage reduced 
by amounts equivalent to about 14 per cent. and 
} per cent. on current rates in the case of time-workers 
and piece-workers respectively. Apart from coal- 
miners, the principal groups of workpeople whose 
wages were increased were iron-ore miners and blast- 
furnace workers in Cumberland, and iron puddlers and 
iron and steel millmen in the Midlands. Decreases 
occurred in the wages of tube workers in Scotland, lead 
workers generally, various classes of workpeople in the 
printing and bookbinding trades in London and the 
provinces, road transport workers in Scotland, and 
india-rubber workers in Lancashire. The changes in 
wages reported during 1922 resulted in a net reduction 
of 4,200,0007. in the weekly full-time wages of nearly 
7,600,000 workpeople, and a net increase of 11,000/. 
in the wages of nearly 75,000 workpeople. 





On January 1 the average level of retail prices of all 
the commodities taken into account in the statistics 
prepared by the Ministry of Labour (including food, 
rent, clothing, fuel, light and miscellaneous items) 
was approximately 78 per cent. above that of July, 
1914, as compared with approximately 80 per cent. 
on December 1, and with 92 per cent. on December 31, 
1921. The highest point reached was 176 per cent. 
above the pre-war level, in November, 1920. 





The number of trade disputes involving stoppages of 
work, reported to the Labour Department as beginning 
in December, was 21. In addition, 28 disputes which 
began before December were still in progress at the 
beginning of the month. The total number of work- 
people involved in all disputes in December (including 
those workpeople thrown out of work at the establish - 
ments where the disputes occurred, though not them- 
selves parties to the disputes) was 7,400, as compared 
with 9,100 in the previous month and 13,700 in 
December, 1921. The estimated aggregate duration 
of all disputes during December was 72,000 working 
days, as compared with 68,000 days in November, 1922, 
and 118,000 days in December, 1921. The number of 
disputes in progress in December and the number of 
workpeople involved therein were lower than for any 
month since the early part of 1917. The estimated 
aggregate duration of all disputes reported as in pro- 
gress during 1922 was about 19,900,000 working days. 
he total number of workpeople involved in these 
disputes was about 555,000. In the previous year, 
approximately 1,829,000 workpeople (including over 
1,100,000 workpeople involved in a national stoppage 
in the coal-mining industry) were involved in dis- 
putes having au aggregate duration of approximately 
86,000,000 working days. 





We are very glad to find in The Times copy of a 
letter addressed by Sir Eric Geddes, President of the 
Federation of British Industries, to the Prime Minister, 
strongly urging the importance, in the nation’s present 
emergency, of all public contracts, both national and 
municipal, being placed within the United Kingdom. 
Sir Eric very rightly states that the placing of such 
contracts in this country would—unlike most of the 
schemes for the relief of unem}loyment—provide 
work for the skilled craftsmen whose continued employ- 
ment is so vitally necessary to the efficiency of industry. 
By refusing to sanction loans or expenditure unless 
British plant and materials were specified, the Govern- 
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ment would be taking a definite step to relieve general | 


unemployment. The letter further emphasises the 
different advantages to be derived by keeping trade 
at home. We do not remember having seen any 
recommendations on the part of Labour to the same 
effect ; but it is possible that we may have inadver- 
tently overlooked them. 





In their annual report for 1922 on the Welsh tinplate 
industry, Messrs, Sim and Coventry, 110, Cannon- 
street, E.C.4, state that there has only been one change 
in wages during the past year. Up to February 5 the 
men were working on a 10 per cent. sliding scale bonus, 
plus 74 per cent. on base rates special allowance. . On 
February 5 the 10 per cent. bonus was cancelled, 
leaving the 7} per cent. allowance, and this arrange- 
ment has continued hitherto. The base rate was 
increased by 25 per cent. in July, 1920. The tinplate 
wages are based on the price of steel bars, and although 
the present prices would not carry any wage bonus 
under the agreement, the tinplate makers recognised that 
its cancellation would reduce wages to an inadequate 
margin with the present cost of living and agreed to 
allow the bonus to stand, when it would have other- 
wise disappeared automatically. During the year 
there was some discontent among the men as to the 
rates of wages, but they eventually recognised that the 
makers were not in a position to improve upon them, as 
they were already losing money in many cases. The 
men therefore decided to make the best of a not too 
rosy situation, realising that the tinplate trade was 
fortunate in having little or no unemployment. 





A dinner was given on the 18th inst. in aid of the 
Industrial Welfare Society, by Sir Charles Wakefield, 
the Hon. Treasurer of the Society. It was presided 
over by the Duke of York, who, in the course of his 
speech, said the Society concentrated upon the applica- 
tion in industrial relations of the ideals which were 
created through a scientific investigation of social 
conditions. It acted for cementing fellowship between 
individuals in all walks of industry, irrespective of 
class or occupation, and this was the backbone of our 
Imperial progress. Lord Ampthill stated that the 
Society provided the means of saving the intellectual 
and moral lives of those engaged in industry from 
being submerged in the ever-rising flood of indus- 
trialism. Mr. J. H. Thomas, M.P., expressed the 
opinion thaé a Constitution which enabled the engine- 
driver and the miner of to-day to be the Prime Minister 
to-morrow was a Constitution of which none could 
complain. 





Speaking recently in regard to an eventual increase 
in the length of the miners’ working day to eight 
hours, Mr. Frank Hodges, secretary of the Miners’ 
Federation, said the leaders and the men would not 
agree, adding that in recent instances, in the deeper 
mines, for example, a seven-hour day was already far 
too long, so much so that many skilled colliers found it 
impossible to endure the temperature and the baro- 
metric pressure for more than 4} to 5 days per week. 
In reply, the Mining Association of Great Britain has 
stated that the existing seven-hour day does not 
represent seven hours work but an effective working 
time of 5§ hours. The restoration of the eight-hour 
day would give an effective working time of about 
64 hours. In reply, further, to a statement by Mr. 
Hodges to the effect that the miners will press for a 
six-hour day as soon as the 1913 output is again reached, 
the Association says that Mr. Hodges forgets that what 
might have been sufficient in 1913 will not suffice for 
1923. From 1903 to 1913 the coal output increased 
by over 57,000,000 tons, this increase reflecting the 
expansion of trade. Again, the population has grown 
substantially and the growing needs will all have to be 
supplied. 


In a speech at Sunderland in connection with the 
difficulty which has arisen in the building trades on 
which we reported in our last issue, Mr. Stephen Easten, 
Newcastle, past president of the National Federation 
of Building Trade Employers of Great Britain, and chair- 
man of the National Wages and Conditions Council, 
said the crafts in the building trades were receiving 
50 per cent. more wages than the crafts in other indus- 
tries employing similar labour. The shipyard joiner, 
for example, was working for approximately ls. 14d. 
per hour; to ask the building industry to continue 
paying ls. 8d. to its joiners would not only be doing a 
grave injustice to the shipyard operatives, but would 
be doing a greater injustice to their own operatives, 
as they could not expect shipyards to employ building 
trade labour at 50 per cent. more than they paid their 
own labour in the same class of work, The building 
trade employers were only asking for a reduction of 
20 per cent., which would mean Is. 4d. per hour to their 
skilled craftsmen, and that would be about 20 per cent. 
in excess of wages paid by the shipyards to the same 





class of craftsmen. The outlook was serious. They 
had been met in their National Wages and Conditions 
Council by a blank refusal to negotiate any other 
terms than those now existing. He was not, however, 
without hope, for in the past there had been reason, 
and very often generosity, on the part of the men. 
It was disagreeable to have to reduce one’s standard 
of living, and to that extent the worker had his 
strongest sympathy. If he did not think it was 
imperative, and in the workers’ own interest, he would 
not be such a strong advocate of the new conditions 
put before the building trades operatives. 





YEAR-BOOKS AND ANNUALS. 

Pitman’s Radio Year Book, 1923.—The number of 
people who are interested in radiotelephony and the 
broadcasting of news and music is now so great that 
the present year book is likely to receive a good welcome, 
particularly as it is just sufficiently technical to appeal 
to the intelligent amateur. It contains full particulars 
of the Post Office broadcasting conditions, with an 
explanatory article by Mr. E. H. Shaughnessy, of the 
General Post Office, and a short article on the British 
Broadcasting Company, by Sir William Noble. Other 
articles deal with radio receivers, valves and valve 
amplifiers, condensers, frame and other aerials, wave- 
length measurements, care of accumulators, &c., and 
among the twenty contributors to the volume we note 
the names of Mr. James Swinburne, Dr. G. W. O. Howe, 
A. A. Campbell-Swinton, F. Hope-Jones, Philip H. 
Coursey and other well-known men. A glossary of 
technical terms is added. In this we regret to note 
that the word “ potentiometer,’’ which has had for 
years a perfectly definite meaning among electrical 
engineers, is defined as ordinary persons define a 
theostat. This, unfortunately, is in keeping with the 
common misuse of the word by so-called ‘“‘ radio- 
engineers,”’ and is much to be deprecated. The book is 
published by Sir Isaac Pitman and Sons, Limited, at 
the price of ls. 6d. net, and can be cordially recom- 
mended to amateurs. 


The South and Hast African Year Book and Guide, 
1923.—This interesting book, which is edited annually 
by Messrs. A. Samler Brown and G. Gordon Brown 
for the Union-Castle Mail Steamship Company, Limited, 
and is published at 5s. net by Messrs. Sampson Low, 
Marston and Co., Limited, contains most useful and 
comprehensive information on the resources of all 
kinds existing in South and East Africa. It is a 
“* guide ’’ in the full sense of the term to all who intend 
proceeding to those parts of the world in any capacity, 
whether for business or pleasure, and also to all who have 
dealings with the districts and towns it covers. The 
maps have always formed a feature of the book and are 
most excellent in every respect. Another of its features 
is its very detailed index. 





The South African Mining and Engineering Journal 
Year Book.—The Rand gold mining industry, gold 
mining in outlying districts, the diamond workings, 
the copper, chrome and other mineral resources and 
industries of South Africa are reviewed in the year 
book having the above title, which can be obtained 
from Argus South African Newspapers, Limited, 
82-85, Fleet-street, E.C.4. (Price 10s. 6d.) The pub- 
lication gives historial information on all the South 
African enterprises, together with figures of output 
and financial data. The greater part of the book is 
taken up, and very naturally so, by what have hitherto 
been the main enterprises of the country, namely, the 
winning of gold and diamonds. But the other under- 
takings formed for the mining of all other available 
minerals are dealt with in equal detail. The book 
appeals to a wide circle of business and commercial 
men. 


Who’s Who, 1923.—This biographical dictionary is so 
well known and so widely distributed both throughout 
the British Empire and abroad that it may be said only 
to need an announcement to the effect that the edition 
for the current year, the seventy-fifth year of issue, 
is now available. The very numerous biographies it 
contains—over 30,000 as announced—apply to nota- 
bilities, men and women, belonging to this ani to 
foreign countries. For reference purposes, the book 
has always proved invaluable. It is published by 
Messrs. A. and C. Black, Limited, 4 to 6, Soho-square, 
London, W.1, at the price of 42s. net, and 43s. by post, 
inland. 


Almanacks and Calendars.—A monthly _tear-off 
calendar has come to hand from Messrs. Royce, Limited, 
Trafford Park Manchester, also from Messrs. Durvite 
(1909), Limited, Birmingham, Newcastle, Glasgow, 
makers of the ‘‘ Durvite’’ case hardening compound, 
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HOBBING TANGENT RACK GEARS. 


MESSRS. HOTCHKISS ET CIE., ENGINEERS, COVENTRY. 
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In our issue of March 31, 1922, we described a 
remarkable form of crown wheel gearing introduced 
by Messrs. Hotchkiss, of Gosford-street, Coventry, 
under the name of Tangent Rack Gearing. We now | 
illustrate a highly ingenious system of generating this | 
gearing by means of a conical hob which has been | 
devised by Mr. H. E. Taylor, chief engineer to the | 
aforesaid firm. 

As a preliminary it will be well to recall the salient 
features of this type of gear. A tangent rack spiral 
bevel pair is illustrated in Fig. 1. The basis of this 
system is a crown wheel in which the teeth are of 
straight-sided rack form in a plane parallel with the 
axis of the crown wheel. Fig. 2 shows a rack template 
in mesh with a tangent rack crown wheel. It is this 
feature of the system which makes the hobbing process 
a feasible proposition. The only difficulty encountered 
was getting over the side interference which took place 
when a parallel hob of standard design was used for 
producing gears with teeth of small pressure angles. 
This was overcome by using either a taper hob or a 
spur-gear hob, as shown in Fig. 3. A taper worm or 
hob blank is shown in mesh with the crown wheel in 
Fig. 4. By using a taper hob, side interference is 
avoided. This is clearly shown in Figs. 5 and 6, which 
give two sections of a taper hob blank in mesh with the 
crown wheel. The section on E F, Fig. 6, shows that 
the curvature obtainable is such that the hob clears 
the involute curve of the crown wheel, thus permitting 
the complete generation of the teeth without inter- 
ference. Fig. 7 shows moulds taken off a parallel 
and a taper hob and clearly indicates this feature. 

For cutting tangent rack gearing with parallel depth 
teeth, the teeth on the hob are cut to a constant depth. 
If gears are required with teeth tapering from the inner 
to the outer end this is arranged for by tapering the 
depth of the teeth on the hob. 

The machine itself, for which patents are pending, 
is illustrated in Figs. 8, 9 and 10. In this design the 
hob is mounted on a head which permits of bringing 
the cutting face into contact with the cone face of the 
gear blank, as shown in plan in Fig. 10, so that the hob 
axis, while crossing that of the blank, is offset from the 
latter centre, an amount equal to the radius of the base 
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circle of the basic crown wheel, and the hob head is | 
designed to rotate bodily about an axis which extends 
through the apex of the pitch cone of the blank and lies 
in the same plane as the axis of the gear blank. In 
operating the machine the hob and blank are rotated 
at the correct relative speeds as determined by the 
ratio of the number of teeth in the hob to the number 
of teeth required in the blank, plus or minus the 
advance of the latter necessary to compensate for the 
feed by which the involute spiral of teeth on the blank 
is generated. 

The machine has a single-belt drive and is self- 
contained, being controlled by means of a clutch A 
operated through the lever B. The drive to the hob 
is taken through change gears C, and bevels to a 
differential which transmits the drive to the spindle D, 
passing through the centre of the rotating head, thence, 
by means of two pairs of mitres E and spur gears, 
to the hob spindle F, the mitres being inserted to permit 
of the angular and axial adjustment of the hob- 
carrying bracket relative to the work-head spindle. 

The feed of the hob head round its own axis is carried 
out by change gears G which operate a shaft H. From 
this shaft H change gears I drive the worm wheel J, 














- 
4. 


Fic. 


which is bolted to the hob-rotating head. The drive 
to the bevel blanks is also taken from the shaft H, 
and compensation for the rotating feed of the hob head 
is provided for by means of the change gears K, through 
the worm gearing and differentials shown, to the 
mitres L, which transmit the drive, via mitre gears, 
to the worm gear M on the blank spindle. The work 
head is mounted on a circular slide, which permits of 
setting the blanks to be cut at the desired angle 
relatively to the hob, and the circular slide is itself 
mounted upon a slide on the bed of the machine to 
permit of feeding the blanks into the hob so as to give 
the correct depth of tooth. 





THE EXPLorraTION OF WATER POWER IN BAVARIA. — 
This is making rapid strides. According to an official 
report, there were at the end of 1921 346,800 h.p. 
fully utilised, and a further 457,300 h.p. were in course of 
being turned to account, apart from the projected power 
installations in connection with the construction of the 
new Rhine~Maine-Danube waterway, the 15 falls of 
which should supply some 500,000 h.p. The aggregate 
water power suitable for exploitation in Bavaria 15 
calculated at 3,000,000 h.p., with an annual yield, 
according to careful calculations, of 12,000,000,000 kw.h. 
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MACHINE FOR HOBBING TANGENT RACK GEARS. 
CONSTRUCTED BY MESSRS. HOTCHKISS ET CIE., ENGINEERS, COVENTRY. 


(For Description, see opposite Page.) 
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“THE DIFFICULTIES OF PAYMENT BY 
RESULTS.” 
To tHe Epiror oF ENGINEERING. 

Srr,—A great deal has been written in the Press about 
this question by many eminent people, putting every- 
thing in its favour very nicely and rosily, all to show 
what blessings it brings. But upon whom is the blessing 
bestowed? We are told it is the community, including 
those that have to do the work. Well, after nearly 
30 years’ experience of piecework in many and various 
shops, including national factories, which are no better 
than other firms, I have some authority to judge as an 
ordinary common worker, not an expert and indis- 
pensable, for we are led to believe there are such people. 
Now it is well to examine the principle and object of the 
system, which is much the fairest way. 

In nine cases out of ten the workman has no voice in 
the price-fixing. The price is stated to him, and he is 
told that the job has been done for the figure, and if the 
worker cannot do it he is no use there, and is told to clear 
out. He has no other remedy: either do the job at the 
price offered, or leave. If, rather than leave, he does the 
job, or tries to do it, he gets into debt. Then he is 
discharged as being too slow. We are told that em- 
ployers are very anxious for their men to get higher 
wages by working piecework, but what they are most 
concerned about is that ten men should do the work of 
fifteen. It does not always mean that the ten men get 
time and half. In many cases the price is cut so low that 
scarcely day wages can be earned. On the other hand, 
there are fair prices fixed on a new design, with a promise 
the price will not be cut. Earn what you like on the 
job, but if a few shillings are earned over what is allowed 
by the firm, when the job comes out again there is a 
reduction thought necessary by the firm, and in some 
cases it falls to the lot of a workman who has not even 
seen the job before, and he has to take the job at a reduc- 
tion, and fails to do the job at the reduced price. Prob- 
ably he is discharged for exceeding the time limit on the 
job. 

There are good points and there are bad ones in the 
piecework system, as there are fair firms and some of the 
other sort. I have worked for both. I worked for a firm 
that kept strictly to time and half. When I earned over 
that amount they refused to pay extra, and they owe me 
ten shillings up to this day, and as that is 20 years ago, 
I shall never get it. Many other things connected with 
piecework are very unjust to the workman. I know 
several shops that I have worked in where jobs I have 
done have been cut down, varying from 20 to 30 per 
cent., 40 to 50 per cent., and even 200 per cent. in price. 
That is the object of piecework, which the public are led 
to believe is such a good thing for the community. I 
have worked in many shops in various parts of the 
country, and in every shop the same thing prevails. 
Enmity and ill-feeling among the men is also caused by 
the partiality shown. A few men get the pick of the 
jobs that are fairly well paid for, and the remainder are 
working like Trojans all the time, and, year in year out, 
searcely ever get a shilling over their day wages, and are 
therefore very often in debt—not because they are not as 
competent as the others, but because of the low price 
of the job they are on. 

What is necessary in all piecework shops is a revision 
of prices and pay for every job, according to the amount of 
labour to be expended upon it; but that is not done in 
any shop that I have worked in, and I have worked with 
many railway contract rolling stock firms, where the 
work is very poorly paid for, and a great many of the 
men in their shops often think they are lucky if they can 
get their day wages and keep out of debt. I have known 
many men to be discharged because they were in debt. 
Take smiths’ work, for instance. In most of these 
shops men get nothing for making their tools, which 
very often takes several days before the real job can be 
started, and in consequence of that they are im debt 
before starting on the job. 

I started in a shop in Birmingham some few years ago, 
and the first job I started on was fairly paid for, so I got 
time and half on that job; but the next job was badly 
paid for, and what I got, or rather earned, on the former 
I lost on the latter, so never got the benefit of the fair 
job, and I worked there several months and never got a 
shilling over day wages, and working piecework all the 
time. There wasn’t 10 per cent. of the men in that shop 
scarcely ever got a shilling over day wages. I may 
say I have had some very fair piece jobs, but the system 
seems to me to be all one-sided. I have written this just 
to show to those that don’t know the disadvantages of 
the system of payment by results—or, in other words, 
piecework. 

Yours faithfully, 
. JosEPH TAYLOR. 

19, Crescent-street, Notting Dale, London, W. 

January 21, 1923. 





SHIP DESIGN: COMFORT AND SAFETY. 
To THE Epitor or ENGINEERING. 

Sir,—Many ocean travellers will agree with the writer 
in your issue of January 19 as to the mis-proportioned 
provision in modern ship design of desirable accessories 
of luxurious nature, as compared with that for elementary 
comfort and privacy. The limitation of passenger- 
carrying capacity which would be caused by numerous 
single-berth cabins has now been largely met—in 
America, the present writer believes—by an ingenious 
combination of single-berth cabins arranged in pairs, 
the intervening partition being stepped so as to provide 
a single upper sleeping berth only in one cabin, and a 
single lower sleeping berth in the adjacent cabin. 

While single-berth privacy should in this way be 
rendered more attainable and less costly, let it not be 
assumed that the spacious courts and halls of the high- 
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class liner are mere luxuries, desirable only as such. 
Such apartments may be so designed as to provide large 
reserves of floating power of great service in a vital 
emergency ; also they might be, potentially, rendered 
air-tight as well as water-tight, their function resembling 
that of the ballonets of an airship. 

It appears, indeed, to be a much-needed qualification 
in the Toe of modern passenger liners that the entire 
upper structure of the ship should be constructed in 
somewhat similar fashion to that indicated above, and 
with the same object, namely, that it may provide an 
effective and reliable reserve of floating power in the 
event of serious hull damage. It would be important in a 
structure intended to be subjected to air-compression 
that the nature of the material of the partitions or bulk- 
heads, or of an inner lining to the same, should be non- 
fragile, and capable of suffering distortion without 
leaking or bursting. 

Yours faithfully, 

London, January 22, 1923. R. M. 8. 





GAS AND SMOKE ABATEMENT. 
To THE EpiroR or ENGINEERING. 

Srr,—In pursuance of our campaign for a supply of 
gas for industrial purposes at a price, either in therms or 
in cubic feet, more in keeping with the general rise in 
commodities since 1914, the Sheffield Gas Consumers’ 
Association gave evidence before a Board of Trade 
Committee recently. 

We send you the following figures, which show how the 
figures of smoke abatement by the substitution of gas for 
coal is being hindered by the present prices charged for gas. 


Costs of 1 therm. 
1914. To-day. 
Industrial coal delivered in works 
from same colliery, and of same 
quality ... nt aS 0-52d. 0- 85d. 
Gas, lowest tariff ... iA 1-82d. 6-20d. 
Gas, highest tariff ... a ios eae 8-00d. 
Ratio between coal and lowest 
tariff for gas... bis oe 1 to 3-5 1to7:3 
Ratio between coal and highest 
tariff for gas lto 5-3 1 to 9-4 


Heating operations, which formerly were economically 
conducted with gas at 3-5 to 5-3 times the cost of coal, 
must now be conducted at a cost of 7-3 to 9-4 times 
that of coal, or discontinued. Few heating operations 
can stand this disproportionate cost, and the result is 
that resort is again made to coal and coke fires. 

Yours faithfully, 
WALTER FouLsTON, 
Secretary Sheffield Gas Consumers’ Association. 
Morris Deakin-buildings, King-street, 
Sheffield. January 20, 1923. 








WASTE FUELS, 

In view of the decreasing supply and the increasing 
cost of high grade fuels, the efficient utilisation of fuels 
of low grade, including what are known as “ waste 
fuels,’ is becoming a problem of major importance to 
many industries and to commercial progress. Important 
sources of ‘‘ waste fuel” include sawdust, shavings, 
seraps, edgings, tanbark, wood extract chips, paper mill 
refuse, bagasse or spent sugar cane, and city refuse. 

Perhaps one of the most important waste fuels has 
heen spent tanbark. A rough estimate would indicate 
that in the United States this material generated a few 
years ago an amount of steam that would have otherwise 
required the yearly consumption of about 2,000,000 tons 
of high grade coal. Yet at one time this valuable fuel 
was considered a mere detriment and an expense to the 
leather industry. It was disposed of by dumping it into 
rivers, by filling in waste ground, and by making roads 
with it, often necessitating the payment of large sums 
for its disposition. The improvement of a furnace 
converted a substance supposedly incombustible into a 
valuable waste fuel and an enormous waste was con- 
verted into an equally great saving. 

Sawdust and wood waste are of course largely available 
in many districts. With sawdust the saw mills produce 
waste wood in the form of edgings, end cuts, shavings, 
and various forms of blocks and scraps. At many plants 
in lumbering districts the bulk of this material is so great 
that it not only supplies power and heat for the mill 
but furnishes electric lighting for towns, and even then in 
order to prevent its accumulation a large destructor is 
kept constantly in operation as well and the heat from 
the burning wood is wasted to the atmosphere. If 
there were a market for electric power within a reason- 
able distance, this waste could be converted readily into 
an economy, Even now plans are being considered to 
prevent such waste, and at least one plant is in operation 
for producing wood alcohol and other chemicals from such 
material. Plans have for long been considered intended 
to make possible its use also for wood pulp in the paper 
industry. Sawdust and wood waste are of course 
readily convertible into gas that may be used as fuel in 
gas engines, 

Bagasse is the by-product fuel resulting from the 
manufacture of cane sugar. The juice from the cane is 
extracted by crushing and the remaining fibrous material, 
known as bagasse, is conveyed to the boiler house, where 
it is fired in special furnaces and is made to produce all 
or part of the steam required to operate the plant. The 
fuel is in the form of strips 3 to 8 in. long, but much 
longer pieces May sometimes come through the mills. 
There is said to be much room for improvement in the 
design and in the control of furnaces in many plants 
burning bagasse; these two factors often make the 
difference between running the boiler plant on very 
little or no purchased fuel and of spending large sums 
annually for coal, oil or wood. 

Coke breeze is another by-product fuel which can be 





effectively used under proper conditions, while city refuse 
belongs to the class of fuels that, by proper application 
of the principles of combustion, have been promoted 
from semi-combustible to auto-combustible fuel. Though 
this heterogeneous material can be disposed of by 
dumping at sea or on waste land—sometimes in an in- 
expensive manner—the consensus of opinion is strongly 
in favour of its disposition by burning. The strength of 
this opinion is largely due to comparatively recent im- 
provements made in the design and efficiency of destruc- 
tors or refuse burners. Furthermore, when combustion 
is complete, burning is by far the most sanitary method 
of disposing of offensive materials. Some of the collected 
matter, chiefly the house garbage, contains so much 
moisture in comparison with its low heating value that 
to burn ‘t alone is impossible, but by mixing this with 
all the other refuse, the calorific value of the mass is 
made high enough not only to evaporate its contained 
moisture but to produce effective evaporation in a boiler 
as well. Even when this is done, however, it is necessary 
to depend for efficiency on correct design and careful 
operation of the furnace. ‘ 

Results of a special study of the economic combustion 
of waste fuels have recently been published in Technical 
Paper 279, compiled by Mr. D. M. Myers, and to be 
obtained from the Bureau of Mines, Washington, D.C. 





Sotmip InsEctTION FoR Om ENaines.—At a meeting 
of The Women’s Engineering Society, at 26, George-street, 
Hanover-square, London, W.1, on Wednesday last, 
Miss V. Holmes read a paper on ‘‘ Mechanical Injection 
of Fuel as Applied to Diesel Engines.” The author 
compared the air injection system with the mechanical 
system, described many examples of engines making use 
of solid injection and referred to the results obtained in 
their use. 





PeRsONAL.—The Dowson & Mason Gas Plant Co., 
Limited, have closed down their London Office, at 3, 
Manchester-street, W.1, and in future all matters relating 
to their petrol and oil storage equipments will be dealt 
with at the Head Office, Alma Works, Levenshulme, Man- 
chester.—United Brassfounders & Engineers, Limited, 
have transferred their Head Office and Works from 
Manchester to their works at Ormskirk, Lancashire.— 
The Brightside Foundry & Engineering Co., Limited, 
Sheffield, have now established a permanent office at 
No. 9, Mount-street, Manchester. Telephone, No. 6248 
City. 

THE Late Mr. ApRIEN BocHEet.—We regret to read 
in Le Génie Civil an account of the death, which occurred 
on December 28, of Mr. Adrien Bochet, Director of the 
Paris Ecole Centrale des Arts et Manufactures. Mr. 
Bochet was born in Paris in August, 1863, and after 
completing his studies at the Ecole Centrale, he entered 
the firm of Sautter, Lemonnier and Co., which later 
became Sautter-Harlé and Co., well known as designers 
and manufacturers of searchlights, optical apparatus for 
lighthouses, electric and other machinery. Mr. Bochet 
was awarded in 1919 the Henri Wilde Prize, in the gift 
of the Académie des Sciences, for his apparatus enabling 
a searchlight beam to be kept constantly on an aeroplane 
in flight. His experience proved of great service to the 
French armies during the war. We met Mr. Bochet in 
France and have a most pleasing recollection of his 
geniality. 





ENGINEERING ENTERPRISE IN HamBurc.—Whilst the 
State of Hamburg is said to be unable to carry out the 
large projected harbour extensions owing to want of 
capital, only a small portion being completed, private 
enterprise is very much to the fore. A new concern, 
The German Shipbuilding Company, has been formed, 
and is being financed by some of the largest banks. An 
area of 38 hectares (94 acres) has been purchased in the 
port, and the work will be commenced forthwith. The 
new company will not only build new ships, but also 
break up old ones. The General Oil Trading Company 
has acquired an area of 40,000 sq. m. (430,000 sq. ft.) 
in the new petroleum harbour, in order there to erect 
large oil tanks. Hugo Stinnes is negotiating with the 
Hamburg State about a good-sized area in the harbour 
for the purpose of building large sheds and warehouses, 
in order to concentrate the whole of his shipping there ; 
at present his boats have to load and discharge in many 
different places in the port. 





Tue Story oF ALLoy STEEL.—In co-operation with the 
Department of Commerce and the United States Bureau 
of Mines, the Interstate Iron and Steel Company has 
completed a motion-picture film of three reels picturin; 
““The Story of Alloy Steel.” This film will be includ 
in the Government’s educational film series. It shows 
the manufacturing processes involved in the production 
of steel at the point where there is a divergence in the 
practice as compared with the process employed in 
producing ordinary carbon steel. The picture begins 
with the raw materials used to make up the charge intro- 
duced into the open hearth melting furnace, and follows 
with the melting, the additions of various alloys, the 

ouring of the molten metal in large ladle holding one 
Deak, the casting of ingots in iron moulds, the stripping 
of the ingots preparatory to re-heating in the re-heating 
furnaces, the discharge from these, the’ blooming of the 
ingots into billets, and the preparation of the billets, 
including their inspection and cleaning. From _ this 
point the picture shows the conversion of the billets into 
final finished sections, such as squares, rounds, flats, and 
miscellaneous sections, depicting the heating and rolling 
in a modern, continuous rolling mill. Following this, 
the final inspection and loading of the steel in cars 
destined to be shipped to customers, closes the picture. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—A decided turn for the better is noted 
in the iron and steel trade of Sheffield and district. The 
tone generally is firmer and prices are hardening. The 
effect of the placing of Admiralty contracts in connection 
with the new battleships is already noticeable, many 
branches of trade which have been stagnant for years 
showing signs of revival. The Ruhr occupation has 
notably affected the situation, and although it has 
an anxious side as regards future prospects, the imme- 
diate result has been distinctly favourable to Sheffield. 
For some time past Europe has almost ceased to be a 


buyer of Sheffield products, and not only that, but the 


favourable exchange has resulted in many of our over- 
seas markets being overrun by Continental competitors, 
who were able to offer goods at prices which told heavily 
against us. More recently, however, this advantage has 
been offset by the difficulty in obtaining deliveries, and 
more than one heavy contract has recently been placed 
in this country undoubtedly as the result of a reasonable 
certainty of obtaining guaranteed deliveries. 


Scrap.—The activity in the engineering branches has 
resulted in a welcome increase in the output of scrap, 
an important factor in steel manufacture. There is 
still a shortage, and during the past few weeks prices 
have risen considerably from the low level to which they 
had sunk. Machinery cast-iron scrap for foundry pur- 
poses is quoted at 90s. per ton delivered, while heavy 
wrought-iron scrap has risen to 87s. 6d. per ton. Steel 
scrap for basic steel furnaces has advanced 10s. per ton 
during the past two months to 85s. per ton delivered in 
Sheffield, still much below the 127. per ton it reached 
before the Armistice boom. Borings and turnings for 
basic furnaces are 62s. 6d. per ton, and builders’ light 
iron scrap 75s. per ton delivered. 


Crucible Steel.—The crucible steel trades are recovering 
slowly. A fair quantity of high-speed steel is going to 
America, notwithstanding the operation of the Fordney 
tariff, but the Continental demand is almost nil. The 
information supplied to our allies during the war has 
had a serious effect on these branches of Sheffield trade. 
A better demand, however, comes from the shipyards, 
and a growing trade is being done with the paper mills 
and tobacco factories. 


Railway Material.—There is a prospect of something 
like a boom in railway material. For years little has 
been done to increase the facilities of transport in either 
home or foreign railways, but this policy appears to have 
been abandoned, and there is prospect of more capital 
expenditure being incurred, not only in the home, but 
the Indian, foreign and Colonial markets, than at any 
time since 1912. Wheels, axles, buffers, rails and wagons 
are all in full request, and the resources of many depart- 
ments are being severely taxed. The wagon-building 
industry is especially busy. Heavy orders have been 
placed by both railway and private owners, and builders 
find themselves hard pressed. 


South Yorkshire Coal Trade.—The Ruhr situation is 
affecting all classes of fuel, hard, gas and house coal, 
as well as coke. Industrial concerns are buying well 
forward, but in view of the firmness of prices and the 
prospect of higher values if the Continental demand 
develops, collieries are by no means anxious to commit 
themselves for the future. Before the Continental 
crisis there was but little surplus of steam coal, and with 
the possible pressure for supplies from Germany and other 
European countries the outlook for extended trade is 
promising, a situation which has its anxious side for home 
consumers desirous of keeping manufacturing costs as 
low as possible. In the meantime the market is very 
firm. Collieries are making every effort to increase 
output. In some of the older pits where the travelling 
time to and from the face is a serious drawback new 
shafts are being sunk, and work at new pits is being 
pushed forward wherever possible. Engineering firms 
who specialise on colliery requirements are busy, and 
for the first time for some years wire rope makers report 
great activity. The latest quotations are as follows: 
Best branch hand-picked, 32s. 6d. to 34s. 6d.; Barnsley 
best Silkstone, 28s. to 30s.; Derbyshire best brigits, 
24s. to 26s.; Derbyshire best house, 21s. 6d. to 22s. 6d. ; 
Derbyshire best large nuts, 19s. 6d. to 22s. 6d.; Derby- 
shire best small nuts, 15s. to 16s. 6d.; Yorkshire hards, 
20s. to 21s.; Derbyshire hards, 19s. to 20s. 6d.; rough 
slacks, 9s. to 1ls. ; nutty slacks, 7s. 9d. to 9s. 9d. ; smalls, 
3s. to 5s. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. | 

The Cleveland Iron Trade.—Cleveland pig-iron 18 
extremely scarce, and with supply of most qualities 
insufficient for current needs, values have taken a sharp 
upward turn. The better qualities are almost unob- 
tainable. No. 1 and siliceous sort are put at 105s., but 
in the entire absence of transactions the quotation 18 
nominal. There is very little No. 3 on the market, and 
the shortage of this grade promises to become more acute. 
Home buyers have to pay 97s. 6d. f.o.t. makers’ works 
for the ruling quality, and the f.o.b. figure is 100s. As 
much as 105s. is asked for No. 3 for March delivery. 
Customers unable to secure adequate supplies are taking 
foundry 4 in place of No. 3, and are paying up to 95s. 
Makers, indeed, are by no means keen sellers of foundry 4 
at the figure named, as they anticipate a run on that 
quality, and in consequence great shortage of it in the 
near future. Demand for forge iron is not very heavy. 
No. 4 is quoted 85s. to 87s. 6d. Few makers have ary 
mottled and white iron to dispose of, but these lower 
grades are little sought after, and prices are difficult to 
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fix. This week further fairly substantial sales of Cleve- 


land pig-iron low in sulphur and phosphorus have been 
made to the United States. 


Hematite-—The hematite branch shows improvement, 
but though the statistical situation is strong, values 
are not moving up to the extent that might have been 
expected. Nos. 1, 2 and 3, East Coast brands are 
selling at 97s. 6d. both for home purposes and for ship- 
ment to foreign destinations. This is a very low figure 
in comparison with rates ruling for Cleveland pig-iron. 
Hematite is being taken up mostly for home use, and 
but a few sales to Italy are reported. 


Foreign Ore.—Sellers of foreign ore report a good 
deal more business doing, and they are asking and 
obtaining higher prices. Good Mediterranean ores are 
now commanding 22s. 6d. c.i.f. Tees, and best rubio 
is put at 238. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—There is rather marked scarcity 
of Durham blast-furnace coke, values of which continue 
torise. Medium kinds are now quoted 32s. 6d. delivered. 


Manufactured Iron and Steel.—Finished iron and steel 
producers have added further to their already well-filled 
order books, and heavy inquiries continue to circulate. 
Quotations, all round, are very strong, and further 
advances are anticipated. Common iron bars are 111. ; 
iron rivets, 111.; steel billets, 8/7. to 9/., according to 
quality ; steel boiler plates, 13/. 10s. ; steel ship, bridge, 
and tank plates, 91. 10s.; steel angles, 87. 15s.; steel 
rivets, 121, 7s. 6d.; heavy sections of steel rails, 9J. ; 
fish plates, 13/.; black sheets, 12/.; and galvanised 
corrugated sheets (No. 24 gauge, in bundles), 18/. 10s. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—In the steel trade of Scotland 
conditions have not yet reached that stage when pros- 
perous times are within grasp. These times may not 
come along yet awhile, but we are certainly on the eve 
of better business than we have been for a long time past. 
Orders are sidl slow; nevertheless they are coming 
more freely and, when added to previous bookings, make 
up a fair amount of work on hand at the present time. 
For both plates and sections there has been a much better 
demand during the week and inquiries now in the market 
point to a considerable improvement in the near future. 
In the black-sheet branch of the trade there is again 
more doing, and not only is there a fair tonnage going 
abroad, but the home buyers of the heavier gauges are 
more disposed to give out orders at present and the 
outlook is much brighter. For galvanised sheets the 
demand is fair. The general export trade is not too 
satisfactory and only a moderate tonnage is being shipped 
abroad. Prices continue firm and are without change 
from last week. 


Malleable Iron Trade.—Makers of malleable iron have 
not had to cope with any rush of orders of late, and fresh 
business, while better, is coming along very slowly 
indeed. The output is not heavy, but the prospects 
are considerably better and employment is likely to 
improve before long. Prices remain firm with “ crown ” 
bars called 102. 10s. per ton, Glasgow stations. 


Scottish Pig-Iron Trade.—A good, steady tone prevails 
in the Scottish pig-iron market this week, and there are 
better prospects in sight. The present troubles on the 
Continent are likely to assist the local industry, as the 
searcity and high price of fuel there will act as a barrier 
to the shipment of the cheap Continental pig-iron to 
these shores. There has been a marked improvement 
in the demand, and prices are maintaining a strong 
front. Consumers who have been holding back business 
are beginning to realise that delay now may be costly 
later on and are more inclined to enter the market to 
ensure their supplies. American buyers are once again 
to the fore and the business fixed up lately, although 
not a very heavy tonnage, may be the beginning of further 
dealings. Quotations have changed little over the week, 
but are firm, and may be taken as under :—Hematite, 
51. 7s. 6d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 51. to 51. 28. 6d. per ton, and No. 3, 4. 15s. 
to 41. 17s. 6d. per ton, both on trucks at makers’ yards. 


_Scottish Pig-Iron Shipments.—The amount of Scottish 
pig-iron shipped from Glasgow harbour during the week 
ending last Saturday, January 20, was 5,051 tons. Of 
that total 4,748 tons went foreign and 303 tons coast- 
wise, while for the corresponding week of last year the 
figures were 392 tons foreign and 71 tons coastwise, 
making a total of 463 tons. 





NOTES FROM THE SOUTH-WEST. 

CarpirFr, Wednesday. 

The Coal Trade.—Now that the official figures relating 
to the foreign coal trade have been issued it is possible 
to compare the 1922 returns with those of 1921 and the 
peak year of 1913. Though there was e considerable 
improvement in the volume of trade in South Wales 
last year as compared with the previous twelve months 
the proportion of United Kingdom trade was less than 
in either 1921 or 1913, Of the total shipments of 
64,198,384 tons from the United Kingdom in 1922, 
25,197,637 tons were exported from South Wales, 
whereas in 1921, 12,017,099 tons of the total of 24,660,552 
tons were shipped from the district, and in 1913 
29,540,510 tons of the to3l of 73,400,118 tons were 
exported from South Wales. Thus only 39 per cent. 
of the exports were despatched from South Wales in 
1922, compared with 49 per cent. in 1921 and 40 per 
cent. in 1913. Foreign, coastwise and bunker coal 
exports from South Wales last year amounted to 
31,196,546 tons, against 16,217,078 tons in 1921 and 
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38,700,630 tons in 1913. At present the coal market | 


is in a strong position. Inquiries are circulating on an 
active scale and prices are about. 1s. higher than was 
the case a week ago. Smalls are particularly scarce, 
and the best steams realise from 20s. to 2ls., with 
ordinaries round 18s. 6d. and dry duff from 15s. Large 
coals are also firmer, with best Admiralties from 29s. to 
30s., seconds 28s. 6d. to 29s., and Monmouthshires round 
28s. 6d. Dry large, too, has improved slightly and now 
commands from 27s. to 27s. 6d. for bests and 26s. for 
ordinaries. Anthracites, however, remain in poor 
request. A serious position has arisen in the patent 
fuel industry in consequence of the abnormal cost of 
pitch, of which about 2 cwt. is used in the making of a 
ton of fuel. Before the war pitch was available at about 
40s. per ton, but to-day it costs from 140s. to 145s., so 
that whereas in 1913 the pitch cost of a ton of fuel was 
about 4s. to-day it is from ids. to 14s. 6d. In conse- 
uence, makers cannot manufacture at a profit at less 
than 37s. 6d. to 40s. a ton, which they are unable to 
secure, as best large coal can be bought at 29s. to 30s. 
As a result there is every probability that the whole of 
the fuel works in South Wales, which give employment 
to about 3,500 men, will be rendered idle next month, 
for they are now only working on old contracts. Repre- 
sentations have been made by the Patent Fuel Manu- 
facturers’ Association to the Roads Department of the 
Ministry of Transport urging that some restriction should 
be placed on the use of coal tar pitch for road-making 
purposes so that a larger supply of pitch would be avail- 
able at an economic price for fuel-making. The Mini 
has promised to give the matter consideration. Thoug 
the threatened strike of American miners is reported 
to be off, inquiries are still circulating for coal on American 
account, and already this year shipments to the States 
have totalled 100,000 tons and a large quantity remains 
to be shipped. Orders have also been booked up for 
shipment to Canada as soon as the harbours are free 
from ice, while French and Italian buying has been heavy 
of late. 


Iron and Steel Trade.—The minimum price of tin plates 
has been put up to 20s. 6d. per basis box, but this has had 
no effect on the market, as makers were securing 20s. 9d. 
and asking 21s. before the raising of the minimum. 
Business has been fairly substantial of late, and it is 
reported that a considerable order by the Asiatic Oil 
Company has been divided amongst the Welsh works. 
Shipments of tin plates last week totalled 4,933 tons 
compared with 6,847 tons in the previous week, black 
plates 4,857 tons against 1,631 tons, galvanised sheets 
4,015 tons against 781 tons, and other iron and steel 
goods 1,239 tons against 329 tons. 





ENGINEERING APPOINTMENTS IN THE Navy.—The 
Admiralty has announced that Captains Richard Walker 
Martell, Charles Stevens, C.B.E., and Frederick William 
Marshall have been promoted to the rank of Engineer 
Rear-Admiral. 





British CHAMBER OF COMMERCE IN BELGtuM.—The 
January issue of the quarterly journal published by this 
Chamber contains interesting articles on Belgian taxes 
affecting foreigners, foreign companies and income from 
abroad, on the turnover tax, contracts, &c., which will 
prove most serviceable to a large number of private persons 
and business firms having connections with Belgium. 
Other data in the same issue afford evidence of the 
activities of the Chamber for facilitating intercourse 
between the two countries. 

Gyroscopic Frequency Inpicator.—An interesting 
novelty of the Physical and Optical Societies Exhibition, 
which pressure on our columns prevented us from 
noticing at the time, was again exhibited by Messrs. 
John Griffin and Co., of Kingsway, at the Royal Institu- 
tion last week. It is a gyroscopic frequency meter, 
which is certainly instructive, though not of value to 
the engineer. The brass wheel of a gyroscope runs, when 
fully wound up, at 3,000 revolutions per minute. A 
small hole has been punched in this wheel so as to make 
it wobble slightly. On the frame of the instrument, 
which is less than a foot in length, and is held by an 
ebonite handle, are mounted six parallel steel reeds. 


As the wheel slows down in its revolution, one reed after Cc 


the other responds to the vibration of the frame. 





Tue Iron AND STEEL InstITUTE.—The annual meeting 
of this Institute will take place on Thursday and Friday, 
May 10 and 11, at the House of the Institution of Civil 
Engineers, Great George Street, 8.W.1. The annual 
dinner will be held on the evening of Thursday, May 10, 
at the Connaught Rooms, Great Queen Street, C. 
Members are reminded that in March the Council is 

repared to consider applications for grants from the 
Gamtagic Fund, in aid of research work on some subject 
of practical importance relating to the metallurgy of iron 
aX steel, or allied subjects. Special application forms 
can be obtained from the secretary. e results of 
research work must be communicated to the Institute 
in the form of a report. The Council announce that a 
very cordial invitation to the members of the Iron and 
Steel Institute has been received from Mr. G. E. Falck, 
President of the Associazione Fra Gli Industriali Metal- 
lurgici Italiani, Hon. Vice-President of the Institute, to 
meet in Italy in the autumn of 1923. Subject to final 
arrangements with the Italian Association, the ons 
meeting will take place at Milan about the middle of 
September, and on its conclusion it is proposed that 
visits should be paid to the principal mea, 2 centres 
and to the hydro-electric power stations in Italy. The 
tour will also include visits to Rome, Naples, Genoa and 
Turin, and is expected to occupy altogether about 19 to 
20 days from the time of leaving London until the return. 
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NOTICES OF MEETINGS. 

THE Nortu-East Coast InstITuTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, January 26, at 7.30 p.m., 
in the Lecture Theatre, Literary and Philosophical 
Society, Newcastle-upon-Tyne. Discussion on ‘ Review 
of Different Types of Marine Internal - Combustion 
Engines.” 

THE Newcomen Society.—Friday, January 26, at 
6 p.m., at Queen’s College, Paradise-street, Birmingham. 
Paper on “Some Notes on Windmills to the Commence- 
ment of the Nineteenth Century,” by Mr. Arthur Titley, 
M.I.Mech.E. 

THe InstiITuTION oF MECHANICAL ENGINEERS.— 
Friday, January 26, at 7 p.m., at Storey’s-gate, St. 
James’s Park, S.W.1. Informal meeting. ‘Cargo 
Conveying and Elevating Machinery,” introduced by 
Major F. M. G. Du Plat-Taylor. Friday, February 2, 
at 7 p.m. Informal meeting. ‘‘ The Use of Light Alloys 
in Place of Iron and Steel,” by Mr. A. E. L. Chorlton, 
C.B.E. (Member of Council). 

THE INSTITUTION OF AERONAUTICAL ENGINEERS. 
Friday, January 26, at 6.30 p.m., at the Engineers’ 
Club, Coventry-street, W. 1. Paper by Mr. Wm. Cowley, 
A.R.C.S., D.I.C., on “‘ Wind Tunnel Work at the National 
Physical Laboratory.” 


THe InstiruTe or Metats: SHEFFIELD Loca. 
Section.—Friday, January 26, at 7.30 p.m., in the 
Mappin Hall of the University, St. George’s-square, 
Sheffield. Paper on “The Heat Treatment of Non- 
Ferrous Alloys,” by Professor F. C. Thompson, D.Met., 
B.Sc. In substitution of paper on “‘ Electric Furnaces,’’ 
by Mr. A. G. Lobley, M.Se., previously announced. 


THe Junior InstituTION oF Enormnrers.—Friday, 
January 26, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Lecturette, ‘““K.V.A. and its Measurement”? (Demon- 
strations), by Mr. G. F. Shotter. Friday, February 2, 
at 7.30 p.m. Lecturette, ‘“ Ventilation and Lighting 
of Factories ” (slides), by Mr. P. J. Waldram. 


NoRTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Monday, January 29, at the College, at 
5.30 p.m., a paper will be read by Mr. G. C. Blofield on 
“Railway Signals and Signalling.” 

Tue INsTITUTION or Crvit ENGINEERS : NEWCASTLE- 
UPON-TYNE ASSOCIATION.—Monday, January 29, at 
7.30 p.m., in the Lecture Theatre, Neville Hall, New- 
castle- ieee Paper by Mr. T. H. Bryce, Assoc. 
M.Inst.C.E., on “ Ferro-Concrete, its Application to 
Bridges.” 

THE InstiruTE oF Marine ENGINEERS.—Tuesday, 
January 30, at 6.30 p.m., at 85-88, The Minories, Tower- 
hill, E.1. ‘‘Some Deductions from Indicator Diagrams,” 
by Mr. Alberto Keens. 


THe Royat Institution or GREAT BrirTain.— 
Tuesday, January 30, at 3 p.m. Afternoon Lectures. 
‘* The Character and Cause of Tnthienahes,” by Mr. R. D. 
Oldham, F.R.S. (Lecture I.) Thursday, February 1, at 
3 p.m.: ‘‘ The Photosynthesis of Plant Products,” by 
Mr. I. M. Heilbron, D.S.0., D.Sc. (Lecture I). Satur- 
day. February 3, at 3 p.m.: ‘ Subject in Poetry,” by 
Mr. J.-C. Squire, M.A. dasiuis I). Friday, February 2, 
at 9 er Evening Discourse will be delivered by 
Mr. Charles F. Cross, B.Se., F.R.S., on “ Fact and 
Phantasy in Industrial Science.” 


Tue Royat Socrety or Arts.—Wednesday, January 
31, at 8 p.m., at John-street, Adelphi, W.C.2. ‘‘ Mann ”’ 
Lecture. ‘* The Relation between Chemical Constitution 
and Antiseptic Action in the Coal Tar Dyes,” by Mr. 
Thomas H. Fairbrother, M.Sc., F.I.C., and Mr. Arnold 
Renshaw, M.D., D.P.H. 


Tue InstiruTion oF ExecrricaL ENGINEERS.— 
Thursday, February 1, at 6 p.m., in the Lecture Theatre 
of the Institution, Savoy-place, Victoria Embankment, 
W.C. 2. “The Maintenance of Voltage on a Cc. 
Distribution System by Means of a fully Automatic 
Sub-station,” by Mr. P. J. Robinson. 


Tue InstituTE oF TRANSPORT.—-Monday, February 5, 
at 5.30 p.m., in the Lecture Theatre, Institution of 
Electrical Engineers, Savoy-place, Victoria Embank- 
ment, W.C.2. Paper on “‘ Wagon Stock on British 
Railways,” by Mr. H. N. Gresley, C.B.E. (Member of 
ouncil), 

Tue InstituTION oF ELEcTRICAL ENGINEERS: WIRE- 
Less SEcTION MrETING.—Wednesday, February 7, in 
the Lecture Theatre of the Institution, at 6 p.m. ‘The 
Measurement of the Electric Intensity of Received Radio 
Signals,” by Mr. J. Hollingsworth (Associate Member). 











Tue Tuirp Ar ConreRENCE.—The third Air Con- 
ference called by the Air Ministry to provide an oppor- 
tunity for the examination and discussion of problems 
associated with the development of aerial transport will 
take place in the Council Chamber of the Guildhall, 
London, on February 6 and 7, while on the previous day 
the members will visit Croydon Aerodrome. The 
Conference will be divided into four sessions, at the 
first of which papers will be read by Major-General 
Sir W. 8S. Brancker, on the “‘ Position of Air Transport,” 
and by Commander C. D. Burney, on “ A Self-Supporting 
Airship Service.” At the second session, addresses of a 
technical nature will be delivered, Air Vice-Marshal 
Sir W. G. H. Salmond dealing with research work, 
Colonel Ogilvie with gliders, and Mr. C. R. Fairey with 
seaplanes. The two remaining sessions will be devoted 
to the discussion of the papers and addresses taken during 
the first two sessions. It is expected that about 400 
representatives of technical and scientific societies, 
universities, trade organisations, transport trades unions, 
municipalities, Government departments and other 
bodies will attend. 
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INDUSTRIAL FATIGUE RESEARCH AND 
ITS APPLICATIONS. 

THE recent report of the American Society of 
Mechanical Engineers on progress in management 
since 1912 dealt mainly with matters of. broad 
policy, such as the extent to which modern methods 
have been adopted in American industry, and the 
improved disposition to each other of employers, 
employed and consumers. In the discussion that 
followed, attention was drawn to the fact that the 
decade in question had also been notable for in- 
creased attention to those details of management 
that affect individual workers, such as transference 
of skill, intimate study of handicraft, and reduction 
of fatigue. Though such subjects are classed 
separately, they are closely interdependent, and in 
this country in particular the intimacy of their 
relation to each other is well shown in the terms of 
reference on which our Industrial Fatigue Research 
Board is working. The increased knowledge this 
Board is seeking. is expressed as being the better 
identification ‘‘ of the relations of hours of labour 
and of other conditions of employment, including 
methods of work, to functions of the human body, 
having regard both to the preservation of health 
among the workers, and to industrial efficiency.” 
The unrestricted inclusion of conditions of employ- 
ment, methods of work and industrial efficiency in 
the Board’s task indicates that the Board’s concep- 
tion of fatigue is as wide as can be desired by the 
most practical and utilitarian manufacturer. If 
energy may be conceived as being in industry, as 
it is in mechanics, the power of doing work, fatigue 
may be regarded broadly as a condition of body or 
mind which reduces that power; and the study of 
fatigue, so regarded, may be co-extensive with the 
investigation of whatever circumstances of work 
affect the efficiency of the worker. 

In the last ten years undoubtedly considerable 
attention has been given to the subject. The 
interest that it had aroused was at once evidenced 
and heightened by the institution of the Health of 
Munition Workers’ Committee during the war, 
which led to the formation of the present Industria] 
Fatigue Research Board, under the joint auspices 





of the Department of Scientific and Industrial 





Research and the Medical Research Council, the 
latter body ultimately taking over the entire 
responsibility of the operations. The Board’s 
business is to suggest problems for investigation, and 
to advise upon or carry out schemes of research 
within the wide scope of the reference under which 


9 | they work, and while an express part of their duty 


is to secure the co-operation of industries in the 
fullest practical application of the results of this 
research work, its main attention is concentrated 
on general subjects of investigation. Only excep- 
tionally does it undertake the consideration of 
problems that seem to be of interest to whole 
individual industries, and its operations do not 
extend to investigating the occasional needs of 
individual firms. This, doubtless, is as it should be. 
In a subject of which so much remains to be learned 
there is every advantage in having a suitable 
organisation pursuing the general investigations 
that are needed in every direction, without having 
its attention distracted, and its sense of perspective 
distorted by investigations of details having special 
interest for individual firms. Nevertheless, a 
mechanism for attending to such details was felt 
to be necessary, not only for supplying the needs 
of the firms in question, but also for obtaining such 
data as can be accumulated only by detailed study. 
Accordingly, the National Institute of Industrial 
Psychology was formed, with the primary object 
of supplying this need. 

A satisfactory circumstance of its organisation 
is that it is allied closely with that of the Fatigue 
Research Board, of which its Director, Dr. C. S. 
Myers, is now a member. Though the work of 
the two bodies may be distinguished very broadly 
by the fact that the Board is more concerned with 
fundamental investigations, and the Institute with 
their practical applications, the distinction does not 
seem to be observed with any pedantic strictness, 
and there would be much risk of overlapping if 
the work was not co-ordinated as closely as existing 
arrangements make possible. The instance of 
vocational guidance and selection is an example of 
work that for any successful result requires sys- 
tematic study, both in its fundamental principles 
and in its applications. On the one hand, no useful 
tests can be devised to indicate the probable aptness 
of an individual for a particular occupation until 
the special physical and mental qualifications of the 
occupation have been accurately analysed. On the 
other hand, no tests that such an analysis may sug- 
gest can be adopted with any great confidence until 
they have themselves been calibrated by a sufficient 
application in the occupations in question; and 
before they can attain the certainty that would 
justify their general adoption, the accuracy of such 
calibration must itself be verified by following the 
careers of the persons examined in sufficient numbers 
and for a sufficient period of years. A priori most 
people engaged in any industry would be disposed 
to think that common sense and knowledge of the 
trade would give all the guidance which could be 
expected from scientific research. Having regard 
to the complexity of the circumstances of any 
trade, there is nothing unreasonable in this view ; 
but the fact that it is not intrinsically unreasonable 
does not show that it is correct. On the contrary, 
the world-wide efforts that are being made to 
elaborate and perfect scientific methods of vocational 
selection, the extraordinary results that the 
Americans obtained during the war by the use of 
improvised and necessarily crude methods, instead 
of the usual selection by eye, and the considerable 
advantage that our own Air Service found from 
methods somewhat more exact, show a clear prima 
facie case in favour of the belief that the methods 
of the experimental psychologist may have a real 
value for industry, at least if they are applied with 
a sufficiently intimate knowledge of the occupations 
in question. ; 

The possibility of being able to identify in boys 
and men the qualities that fit them for given 
occupations deserves the most serious attention. 
In particular it is important for boys, who by a 
sometimes tragical paradox have to make, or to 
have made for them, one of the most important 
decisions of their lives when they have least experi- 
ence to guide them. Any innate handicaps may 
be masked even to themselves by the enthusiasm of 





the new adventure of entering a man’s occupation, 
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and while they are young, and the work en- 
trusted to them is relatively simple, they may 
often overcome natural disabilities by zeal and 
extra effort, and so secure admission into a trade, 
and even some initial success. When, however, 
their work becomes more difficult as they secure 
advancement, and both for this reason and because 
they have lost the youthful ability and disposition 
to apply energy extravagantly, they can no longer 
overcome natural deficiencies by using more effort 
than their comrades require, they either get crowded 
out of their occupation by more suitable men, or 
at best pursue it at an unproductive expense of 
effort that would have been fruitful had they been 
engaged more suitably. The need for the efficient 
use of national resources is recognised to-day as it 
never was before, and in spite of class prejudices 
that often disguise even class interests, there is a 
more general sense of the fact that in the long run 
efficient working and all that depends on it can be 
had only by directing natural forces to the use of 
man, and not by spending energy on futile attempts 
to counteract them. What is true for the nation 
is in this respect usually true for the individual. and 
if means can be found for giving him guidance in 
choosing his occupation at the time when he most 
needs it, his powers will be used to his own and the 
country’s better advantage, and a common and 
profound source of misery will be minimised or 
averted. 

The study of vocational needs and abilities is 
only one illustration out of very many of subjects 
in which there is reason to believe that fuller know- 
ledge would disclose means of using energy more 
fully and making industry at once happier and more 
productive. Such knowledge may and often indeed 
must be sought both in laboratory investigation 
and in the natural complexities of shop work. 
For laboratory work both the Board and the Insti- 
tute have singular competence and _ scientific 
authority. The Board includes the distinguished 
physiologist who is now president of the Royal 
Society, in addition to Dr. Starling, and the director 
of the National Physical Laboratory. Its chairman, 
Mr. Graham, is both a member of the Medical 
Research Council and one of the most enlightened 
and tactful Labour Members in the House, and in 
Mr. D. R. Wilson, its secretary, who is also a Govern- 
ment Inspector of Factories, it has an officer of 
unsurpassed acquaintance with factory conditions. 
The director of the Institute, Dr. Myérs, was one 
of the pioneers of the Cambridge school of experi- 
mental psychology, and in addition to himself 
having resigned his University appointment in order 
to devote himself to the work of the Institute, has 
secured the co-operation of a strong committee of 
other psychologists and physiologists. The Board 
is promoting laboratory investigations of consider- 
able value on a larger scale than hitherto, the 
abnormal circumstances of recent industrial history 
having inspired it with doubts as to the safety of 
relying on the statistics of an unstable period ; and 
both work that has been published and other 
investigations in progress appear to have disclosed 
results that may have real industrial importance. 

No industries have a greater interest in results 
such as the Board and also the Institute are seeking 
than those of the engineering trades, and nothing 
therefore is to be gained by disguising the fact that 
up to now these trades seem to have given no general 
support to the work of either body. This state 
of things will have to be altered if the work is to 
succeed, and it is not to be explained away by 
assuming in those who follow these trades an extra 
allowance of conservatism, stupidity or original sin. 
To be quite candid, neither the Board nor the 
Institute has succeeded in attracting the general 
confidence of these trades, and is not likely to do 
so as long as their work is planned and conducted 
by men of laboratory and not of industrial science 
without the intimate co-operation of men who are 
at once skilled craftsmen, intimately familiar at first 
hand with the circumstances of shop life and shop 
workers and with the processes under operation, 
and masters of scientific method. When psycho- 
logists and physiologists, however eminent in their 
own lines of work, undertake investigations in the 
more complex conditions of practical manufacture, 
they are amateurs, and time and again the publica- 
tions, both of the Board and the Institute, have 
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shown that their distinguished investigators fall 
as easily as other men into an amateur’s mistakes. 

When, again, they seek to give an industrial appli- 
cation to results obtained in the familiar simplicity 
of laboratory conditions, they are equally liable to 
overlook the limits under which such applications 
can be safely made. There is nothing in this either 
surprising or discreditable. When all the analysis 
has been made that science can provide, there still 
remain, in most engineering industries, factors 
that cannot be expressed in scientific terms and yet 
may exercise an influence of a higher order of 
magnitude than any of those under investigation, 
and that can be allowed for only by the intuition 
which comes from prolonged experience. Such 
factors may be in the process, in the manipulations, 
or in the circumstances of the workers, and since 
the necessary allowances must usually be put in 
by eye, the responsible person must not only have 
the experience that enables him to recognise the 
factors in question, but the scientific training by 
which he can make the allowances safely. Un- 
doubtedly this means the co-operation of an 
engineer with exceptional practical experience ; but 
until the Board and the Institute obtain such co- 
operation, the engineering industries are not likely 
to give them the support that is indispensable to 
their purpose. 





LOCOMOTIVE FAILURES. 

In branches of engineering which involve the 
employment of numbers of relatively small units 
much, of course, may be done to improve design by 
the study and classification of failures. The motor 
car is an example of what may be accomplished 
in the course of a few years, mainly as a direct 
result of a study of accumulated facts, to raise 
the standard of a machine from a level at which it 
was considered lucky to get it to run at all, to one 
in which it is now regarded as akin to disgraceful 
to havea failure. The reliability of the locomotives 
on our British railways is another case in point, 
but the evolution has been spread over rather 
longer years. The careful collation of the causes of 
failure has led to variations of design, sometimes 
of themselves of a trivial nature, by which the 
number of failures has been gradually reduced— 
that is, of course, failures due to causes amenable to 
such treatment. There must always be failures due 
to influences which design cannot affect, such, for 
instance, as those arising from neglect, or wilful 
or ignorant misuse. Others arise from circumstances 
which so far as the locomotive is concerned are 
more or less fortuitous, such as an exceptional 
run of poor coal. These have lessons for the 
purchasing or stores department, rather than for the 
mechanical staff. 

Although a good deal has been done in the 
collection and sifting of such information on our 
railways, and the resulting figures have often the 
recommendation that they run over a period of years, 
we doubt whether the attempt has ever been made 
in this country to present such an analysis of failures 
as that drawn up by Mr. F. C. Pickard of the 
Delaware, Lackawanna and Western Railroad, 
and summarised by him in a paper read some little 
time ago before the Central Railway Club, in the 
United States. Our conditions, and those of the 
North American Continent are not to be com- 
pared, but as Mr. Pickard’s investigation covered 
the performance of no less than 8,000 engines operat- 
ing over 25,000 miles of line, the result is interesting, 
especially as it is representative of conditions of 
a large part of the Eastern States where main- 
tenance is probably on a somewhat higher scale 
than in the areas further west. Mr. Pickard’s 
analysis was made not only with the object of 
putting the finger on weak points of design, but also 
with a view to stimulating some rivalry between 
divisions in working for a good record of freedom 
from failure. By keeping divisions informed of 
where each stands with regard to reliability, a 
healthy spirit of emulation can be developed which 
may be expected to reduce considerably the failures 
per engine sent out. 

In studying the failures a broad classification is 
first recommended. Mr. Pickard adopted five main 
classes, among which the failures he scrutinised could 
be allotted as follows : Hot bearings, 6-71 per cent. ; 
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not steaming, 24-19 per cent.; koilers, 11-14 per 
cent.; machinery, 56-6 per cent.; miscellaneous, 
1-36 per cent. It will be noticed that the bulk 
of the failures fell to the machinery section, the 
other causes being relatively small. It is true 
that the failures due to not steaming were over 
24 per cent. of the total, but, as can be shown, many 
of these so far as the engine’s record as a unit goes, 
are cases more of misfortune than anything else. 
For instance, no less than 21 per cent. of the “ not 
steaming” cases are put down as directly attribut- 
able to inferior coal, and another 10 per cent. to new 
and incompetent firemen. From these little in the 
way of engineering lessons can be learned; they 
are cases pointing rather to the need of improved 
organisation, which would prevent bad coal getting 
on to the tenders, and of greater care in the training 
of the enginemen, in which connection our readers 
hardly need reminding that the practice in America 
differs widely from our system of previous lengthy 
service on cleaning and temporary fireman’s duty. 

Other groups in the “ not-steaming”’ class were 
put down as follows: Superheater units, 8-14 per 


cent. ; stokers, 7-89 per cent. ; and cleaning fires, - 


7:38 percent. The last is a type of failure for which 
operation is responsible, as distinct from the 
machine, but the other two are due to faulty up- 
keep or design. In neither case is it stated what 
proportion of the engines was fitted with these 
appliances so that the figures are not so interesting 
as they might have been. Although mechanical 
stokers have been adopted fairly widely for new 
power, there are more engines running on which 
hand firing is used. However, in view of the com- 
paratively recent introduction of reliable models 
of mechanical stokers the number of failures is by 
no means discouraging. The service is very severe, 
and the fact that robust machines have been 
developed capable of effectively meeting require- 
ments is a high tribute to the ingenuity and perse- 
verance of American designers in attempting to 
break down previous limiting conditions. 

Among the boiler failures, in themselves not a 
large proportion of the whole—a fact which is a 
little surprising in view of the bad water often 
used—the largest number of failures is due to tubes. 
These represent 26-52 per cent. of the total, and 
are presumably tubes leaking, &c., for burst tubes 
are separately given as being responsible for 18-24 
per cent. of the total. These two together outweigh 
other causes of boiler trouble, though grates, which 
it must be remembered are of the rocking type, are 
recorded as responsible for 13-81 per cent. of all 
boiler failures. 

Perhaps the most interesting class of failures, 
at the same time the largest, as already indicated, 
is that of machinery failures, representing 56-6 per 
cent. of the whole. These do not include hot 
bearings, &c., which, as noted above, are in a class 
alone. Of machinery failures nearly 24-5 per cent. 
are side rod failures, which Mr. Pickard traces to 
the failure to keep axle-box wedges properly 
adjusted. The second class of nearly 11 per cent. 
of the total comprises cylinder head failures, 
presumably from bad adjustment of the rods, or 
the presence of water in the cylinders. The third 
class, representing 8-81 per cent., covers valve 
failures, and the fourth (8-27 per cent.) spring 
hangers. The remaining 28 sections representing 
each 5 per cent. and less of the total, cover air hose, 
air pumps, bolts, pins or keys, springs, tyres oF 
flanges, and so on. Eccentric straps and bolts are 
put down as representing 2-83 per cent. of the 
machinery failures, while injector failures only 
amount to 0+98 per cent. of the machinery class. 

It is to be noted that in the hot bearing category 
eccentrics are recorded as being responsible for 
9-17 per cent. of the cases of failure. The largest 
section in this group is that of truck or bogie boxes 
(nearly 36 per cent. of the whole) while driving 
boxes and tender boxes give apparently much less 
trouble. The former are responsible for 21 per cent. 
and the latter for only 12 per cent. of the total. 
The difference is difficult to account for unless it 
be traceable to the treatment by the engine crew. 
Driving boxes are so vital that they are given 
constant attention. Tender boxes are easily 
accessible and are of a type which is very free from 
trouble if the packing be well done. On the other 
hand, bogie boxes are much less accessible, and are 
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rather apt to receive less attention, or if time 
happens to be a little short, owing to the difficulty 
of seeing what one is doing, supplies of lubricant 
may not be given with quite the same care as is 
devoted to driving boxes. The remaining class of 
any note in this group is that relating to pin and 
valve gear failures, constituting 13-76 per cent. of 
the whole. 

An analysis of this kind points to the parts 
which need most attention in operation, and con- 
sideration in design, and often will reveal weak 
points which a little change of practice may go 
far to eliminate. 





INDUSTRIAL AND COMMERCIAL CON- 
DITIONS IN CANADA. 

INFLUENCED adversely by the general commercial 
demoralisation and by the lack of stability of 
international finance which have characterised the 
past year, industrial conditions in Canada during 
the major part of 1922 were anything but satis- 
factory. The phenomenal activity and the rapid 
industrial expansion which the war engendered 
resulted in the precocious development of the 
Dominion as a manufacturing country, and this 
development has been followed by inevitable 
reaction. During the past two or three years the 
industries of Canada, speaking in a general sense, 
have experienced a period of acute depression, which 
has been accentuated by the partial failure of the 
1921 harvest and by the sharp drop in the average 
value of farm produce which has taken place during 
the year. In a country such as Canada, where 
about one-half of the population derive their 
incomes directly from the land, the general tone 
of trade, industry and finance is vitally affected 
by conditions in the agricultural industry. Any 
decrease in the gross value of the produce of the land 
will, by decreasing the purchasing power of a large 
section of the community, diminish the demand for 
manufactured articles. During 1921 the average 
value of farm produce in Canada dropped to about 
60 per cent. of its value in 1920, and this drop in 
value, coupled with a decreased yield, has had a 
disastrous effect on the industries of the Dominion 
as a whole. Trade generally has been depressed, 
and unemployment has been general, particularly 
in the industrial districts, although in this respect 
Canada has probably suffered less than many other 
more sophisticated countries. 

Of the various industries of the Dominion the 
textile industry has probably suffered least during 
the past twelve months, while the engineering and 
allied trades have suffered most. During 1921 and 
1922, the output of the mines, especially as regards 
copper and nickel, showed a marked diminu- 
tion as compared with the few previous years, while 
shipbuilding has been carried out to only a very 
limited extent. The building trades have been 
generally stagnant, and many firms of contractors 
have had difficulty in obtaining sufficient work to 
keep going. Except in the direction of hydro- 
electric developments and of port improvements 
very little work on a large scale was carried out 
during the year. With regard to the former, some 
Important installations were put into operation 
during 1922, particulars of which have already been 
published in ENGINEERING,* while as regards the 
latter, first importance attaches to the improvements 
which have been made at Vancouver and Victoria, 
where work has been pushed forward actively. At 
Victoria extensive dredging operations are proposed 
in the outer harbour, where it is intended to deepen 
and broaden the channel and turning-basin approach- 
Ing the various piers, at which deep-sea vessels 
dock, while at Vancouver the Ballantyne Pier is 
ngaring completion, and work has been resumed on 
the new Canadian Pacific Railway Pier. 

( ertain modification in the tariff, which should be 
of interest to British engineering firms, became 
operative during the year under review. These 
were largely in the direction of lower duties on 
farming machinery and implements, ranging from 
~2 per cent. to 5 per cent. under the general tariff, 
corresponding reductions being made in most of the 
‘tems in this group in the British preferential tariff. 
Other reductions affect machinery and commodities 





* Vol. cxiv, pages 31 and 607. 





connected with the dairy, lumber, fishing and mining 
industries. The largest number of reductions apply 
to the preferential tariff only, such as those on hand- 
tools, certain sizes of wrought-iron tubing, and other 
items. It is interesting to note in this connection 
that in spite of the sentiment in Canada in favour 
of British goods, and in spite of the preferential 
tariff, the expenditure per capita of population 
during 1922 was 2/. 14s. 8d. on goods manufactured 
in the United Kingdom, as against 12/. ls. 5d. on 
goods manufactured in the United States. In 1911 
the figures were, respectively, 31. 6s. ld. and 
91. 8s. 10d. The inference is that, in spite of the 
closer link between this country and Canada which 
has been brought about by the war, we are un- 
fortunately losing ground in the Canadian market, 
and the reason is undoubtedly that the British 
manufacturer does not sufficiently study the local 
conditions. There is an immense field in Canada 
for marketing the products of the engineering works 
of this country, but that field will never be success- 
fully cultivated until the British manufacturers 
learn to adopt a policy suitable to the peculiar needs 
of the country and the selling methods in vogue 
there. It is no use trying to sell a horse-drawn 
plough, however excellently designed and made, .to 
a farmer who measures his fields in square miles and 
whose labour costs him several dollars a day; and 
it is no use trying to sell a heavy and expensive 
car, designed and sprung for British roads, in a 
country where most of the roads are still unmade. 
The Canadians want British engineering products ; 
they prefer them to the American, because they 
realise the sterling workmanship of the British 
mechanic. But they want an article suited to their 
needs, and because, as a general rule, the American 
manufacturer can supply it and the British manu- 
facturer will not trouble himself to do so, the 
business goes to the States. Canada has an immense 
industrial future, and the engineers of this country 
can play a great part in the building up of that 
future if they will only design and build to suit 
Canadian conditions and market their wares in the 
way the Canadian likes to see goods marketed. 
Unless our home manufacturers show more enter- 
prise than they have heretofore the lucrative 
Canadian market is likely to slip out of their hands. 

Although the past year has been a period of 
general depression throughout Canada it is satis- 
factory to note that latest advices from the Dominion 
are distinctly optimistic. The 1922 harvest has 
proved to be excellent, and although the full effects 
of improved agricultural conditions will not be felt 
for another month or two, there is already a distinct 
improvement in general conditions as compared 
with the corresponding period of last year. There 
is a general feeling that during the coming year 
there will be a reversion to more prosperous circum- 
stances, and while conservative opinion is not antici- 
pating a trade boom, it is confidently felt that 
the worst is now over, and that 1923 will see a 
return to more normal conditions. If this should 
prove to be the case, the coming year should afford 
a good opportunity for British manufacturers to 
extend their Canadian market and to commence 
to avail themselves to a greater extent than they 
have done in the past of the opportunities which 
the Dominion undoubtedly offers. 


SOAP FILMS AS DETECTORS OF STREAM- 
LINES, VORTEX MOTION AND SOUND. 

IN opening the new season of Friday evening 
discourses at the Royal Institution last week, 
Sir James Dewar, F.R.S., Fullerian Professor of 
Chemistry to the Institution, reverted to the 
subject of soap bubbles on which, he mentioned, he 
had delivered a course of Christmas Juvenile 
Lectures in the same place forty-four years ago. 
When he resumed these researches four years ago. 
he found the dust the greatest enemy of his films. 
Attempts to purify the air in the cellar of the 
building had not been successful for more than 
a day or so, even when he resorted to the use of 
glycerin for the absorption of dust particles in 
addition to other expedients. Hence he had to 
work in hermetically-sealed vessels, glass cylinders 
or cases built up of aluminium framing and glass, 
and by means of air, compressed at low tempera- 
ture, his assistant, Mr. W. J. Green—who was in 


charge of the demonstrations—had recently suc- 
ceeded in maintaining a steady current of pure 
dry air through small orifices for a week. Such 
steady currents are needed for the new studies 
and demonstrations, which showed soap films in 
vortex motion and in colours of extraordinary 
beauty, but were not displayed for this reason, 
although such a display would have afforded the 
members with a most fascinating sight. The soap 
film proves to be a remarkably sensitive and, in spite 
of its exceeding tenuity and delicacy, a fairly strong 
and convenient detector of stream-line and vortex 
motion phenomena. Some exemplications of more 
or less understood effects led the lecturer up to 
this development. 

Sir James first passed pure gases at the velocity 
of sound through a small orifice into the top of a 
glass cylinder, several feet high, a hole in the base of 
this cylinder communicating with a pump. The gas 
was previously exposed to the electric discharge by 
flowing through a bulbular vessel, provided with 
two vertical electrodes. The stream of the more or 
less ionised gas entering through the orifice formed 
a sheaf which was intensely luminous in the case 
of oxygen, hardly luminous with hydrogen and still 
less so with nitrogen, all the gases being pure. 

In this experiment the gas pressure and velocity of 
the gas stream were relatively high, and the orifice 
rather wide, about 5 mm. in diameter. In the 
second experiment the orifice was a pinhole, perhaps 
0-5 mm. in diameter, made in a piece of platinum 
foil, and the gas pressure forcing the gas through the 
hole was very small. The gas was contained in 
a glass flask, closed by the foil ; in front of the hole 
a little aluminium vane was suspended. When the 
beam of a lantern fell on the flask and heated the 
gas in it, the gentle jet of expanding gas deflected 
the vane; to increase the heat effect, a screen of 
black paper had been placed inside the flask ; when 
the beam was filtered through a water cell, the vane 
was not deflected. 

With respect to the connection between the gas 
pressure and the velocity of the jet issuing through 
a small orifice, Sir James referred to the table of 
Dupré, according to whom jet velocities respectively 
of 1 m., 5 m., 10 m., 40 m., 50 m. per second were 
produced by water pressures of 0-06 mm., 1-63 mm., 
6-61 mm., 26-6 mm., 105-4 mm., 166-9 mm., the 
figures showing that small pressure differences 
produce high gas velocities. In these experiments 
no notice was taken of cooling. In Sir James’ own 
experiments needle holes, } mm. to } mm. in 
diameter, and high pressures were used, and the 
gas ‘stream was received in Dewar vacuum vessels 
to collect the gas liquefied by the nozzle expansion. 
Using pressures of 55, 105, 198, 250, 290 atmospheres, 
Sir James had discharged through a pin-hole nozzle 
air at the rate of 0-22 cub. ft., 0-42 cub. ft., 0-79 
cub, ft., 1 cub. ft., 1-18 cub. ft. per second, reduced 
to a pressure of 1 atmosphere at 15 deg. C. 

Sir James next referred to the sensibility of gas 
jets and of flames to acoustical disturbances, as 
shown by a Tyndall flame—a long flame issuing 
from a gas burner. A high shrill note made the 
flame jump violently; but, the lecturer pointed 
out, the seat of the sensitivity was not in the flame 
and had nothing to do with temperature nor with 
combustion. Rayleigh had indeed shown that 
phosphorus-vapour jets were likewise sensitive. 
The seat of the sensitiveness was just above the 
nozzle. In the demonstration the sound was 
produced outside the lecture hall, entering through 
a hole in the wall and a tube; the flame jumped 
only when the disturbing waves struck the gas jets 
just above the nozzle. The sensibility was due 
to vorticity in the motion of the molecules rushing 
through the nozzle or the congestion of molecules 
in the nozzle, and Sir James had found that the 
phenomena could well be studied, in two dimensions, 
with the aid of vortices set up in soap films. Soap 
films bore a great deal more than one would expect 
of them, provided they were of the thinnest black 
type. He had kept soap films nearly a metre in dia- 
meter for months, and also compound chains of soap 
bubbles, supported and drained by the aid of Gibbs’ 
rings—as to which we would refer our readers to 
last year’s discourse, noticed on page 142 of our 
issue of February 3, 1922—and sometimes filled 
partly with hydrogen, to diminish the downward 





pull of gravity. Gases diffused through the film ; 
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a black bubble containing air mixed with a little | 


hydrogen would contract in a few minutes; when, 
however, hydrogen was circulated in the vessel in 
which the bubble was suspended, a bubble would 
quickly expand, while plane films could be made to 
travel upward and downward in tubes, not only by 
heating the moist atmosphere above or below, but 
also by introducing various gases differing in diffu- 
sion power into those atmospheres. Yet the black 
film was strong enough not to be broken by drops 
of liquid air falling upon it, and to allow draining 
tubes to be passed through it, and nozzles for gas 
jets to be introduced into it. 

When that was done, and a jet of pure air or other 
gas was applied to the film, striking the film normally 
or obliquely, at a pressure of a few centimetres or 
inches of water, the film was set in vortex motion, 
and the more and more attenuated whirling portions 
changed their colours and finally turned black in 
two small spots near the nozzle, the spots growing 
larger as the thinning proceeded. Throwing on the 
screen slides of the apparatus by means of which 
these phenomena of contraction, light reflection, 
vortex motion, &c., had been investigated, Sir James 
showed how the colours changed and the black 
developed in steady films; the coloured bands first 
widened out as the film contracted; then black 
threads might appear in the silvery white; later 
the white film looked as if splashed with black dots. 
The reflection of light by a film, as observed by 
Thomas Young in the same place in 1802, was also 
demonstrated. A square frame of wire was dipped 
into a glass cell, containing soap solution, and then 
raised above the cell into the lantern beam which 
the film reflected back to the screen through a 
lens and a prism. Dark absorption bands corre- 
sponding to the composition of the reflected light 
were then seen. These parallel bands were first 
closely crowded; they widened out as the film 
thinned, until finally only two or three bands were 
seen on the now brilliantly-coloured film. 

In the further experiments a vertical film, about 
10 em. in diameter, was produced in a hermetically- 
sealed glass case, into which the nozzles for the jets 
of pure gases entered through glands; the picture 
on the film was magnified about 80 times. The deep 
tints—blue, red, and orange especially—were of 
wonderful intensity, rarely seen in interference 
colours. The first blow of a jet would drive 
the black portion into the white or coloured portion, 
or vice versa, as if the two portions were separated 
by a strong membrane, and churn the liquid up in 
irregular fashion. Soon, however, regular streams 
and vortices would form, to collapse instantaneously 
into irregular patches and streaks when the jet 
was stopped. Some of the vortices settled into the 
colour patterns and eyes of flowers or butterflies, 
recalling the lemniscates of polarised light; others 
looked like pictures of sea anemones and shells. 

One novel feature was the sensitiveness of these 
stream lines to acoustical disturbance. When 
Sir James, standing quite 5 yards away from the 
glass case, clapped his hands, the vortices quivered 
at once without being spoiled, and a slight click 
or whistling nearer the case had the same effect— 
very strange, considering that the whole apparatus 
was encased in a closed glass box. Quite new, also, 
was the demonstration of the magnetic properties 
of oxygen. A current of pure oxygen was blown 
into the soap film, which was placed in a powerful 
magnetic field; when the field was excited, the 
whole system of vortex rings shifted without 
breaking up. That and the other experiments 
suggest new methods for studying very faint effects, 
very difficult to observe otherwise, and induced 
Sir James to conclude Fis Jecture with a quotation 
from Robert Browning’s ‘‘ Paracelsus ” on the hope- 
fulness of feeble human efforts. One characteristic 
experiment was only mentioned, but not actually 
shown ; Sir James has recently succeeded in freezing 
a soap film and thawing it again, repeatedly. Some 
day we may find soap bubbles among the collection 
of the historical exhibits of the Royal Institution. 





NOTES. 
REORGANISATION OF A Motor Car WorKS. 
On Thursday, January 18, the firm of Messrs. 
Ruston and Hornsby, Limited, opened their Lincoln 
works to the inspection of a party of visitors inter- 


ENGINEERING. 





ested in automobile engineering. These works were 
described by us in vol. cx, pages 4 and 33, but 
the part devoted to the production of motor cars 
has since been completely reorganised to facilitate 
the production of the components, their inspection, 
testing and assembly. There was evident to the 
visitors, a great endeavour to ensure that the passage 
of the work through the shops would follow a 
direct route from its entry as raw material until it 
reached the store for finished parts, through the 
machines in which the successive operations are 
performed. The machine shops for this side of the 
company’s activity cover an area of 47,790 sq. ft., 
but the tool room adds no less than 224 per cent. 
to this. All the press, cutting and other tools used 
in the factory are nsade within the factory premises 
as well as the jigs and fixtures necessary for the pro- 
duction of the standardised parts. The equipment 
has been designed for the production of 75 cars per 
week, and machines for the manufacture of the 
number of components required for that output 
have been installed and are in active production. 
The sturdiness and reliability in working of the 
other products of the firm, combined as far as 
possible with the lightness characteristic of auto- 
mobile construction, have been incorporated in the 
equipment of the motor car, the design and interest- 
ing features of which we hope to describe in a future 
issue. 


LocoMOTIVE RESEARCH. 


On Monday last, Professor W. E. Dalby delivered 
an address before the Scottish Centre of the Institu- 
tion of Locomotive Engineers, on ‘ Mechanical 
Transport and Some of its Problems.” In this 
address, Professor Dalby repeated a plea, frequently 
urged in our columns, that a locomotive testing plant 
should be established in this country for research 
work. Professor Dalby pointed out how impossible 
it was to investigate particular points during a run 
on the road. It is quite true of course that a great 
deal of valuable data have been derived from road 
tests, but for actual research it is necessary to con- 
duct a trial of some hours’ duration under steady 
conditions. Such are never possible on the road 
where the power is constantly varying from start 
to finish of a run. It is not necessary for us to 
labour the fact that: valuable data have been derived 
from testing plant work. We have on many 
occasions referred to the results obtained at Purdue 
and Altoona, and we know that the information 
which we have been enabled to publish has been of 
direct value to locomotive designers in this country. 
For many years a locomotive testing plant has 
existed over here. A dozen or so years ago we 
suggested how valuable research work done on 
it would be and put forward the idea that the 
subject would be a fitting one for the Institution 
of Mechanical Engineers to father. Unfortunately 
for the English school of design, no results of this 
plant have been published, while we believe no com- 
prehensive series of tests such as those which have 
led from one development to another on the Penn- 
sylvania line, has ever been conducted. Professor 
Dalby points out that now the grouping system 
has actually come into being, the new organisations 
are in a better position to support research work 
than the old. The individual companies are larger 
and they could each well afford the cost, while 
the results would have much wider effect. Or, if 
some combined scheme were worked out, which 
might well be managed now that competition is 
removed, a first-class plant could be laid down and 
maintained to the benefit of all participants. It is, 
perhaps, allowable to remind our readers that 
almost exactly ten years ago we suggested that 
Professor Dalby would be an excellent man to place 
in charge of such a plant. It may be remembered 
that in ENGINEERING, vol. xc, pages 255 and 289, 
we published an analysis by Professor Dalby, of the 
St. Louis locomotive tests. In his address of 
Monday last, Professor Dalby referred to the charac- 
teristic curves which he then gave and pointed out 
that nothing similar was available for British 
practice. He also referred to the relation between 
mean pressure and a piston speed, and to the facts 
it was possible to deduce from considering results 
from the point of view of rate of heat transmission 
across the heating surface. The concluding section 





of Professor Dalby’s address was devoted to the 


[JAN. 26, 1923. 


consideration of a graphical diagram which he had 
devised to examine the motion of a train during 
the accelerating period. This diagram was a 
semi-graphical solution of a problem of motion in 
a resisting medium. The mathematical solution of 
this problem for a train was impossible because the 
resistance against which the train moved was a 
complicated function of the speed, with the result 
that though the equations could be formed they 
could not be integrated. The method he had 
devised enabled the integration to be done in a 
practical manner, and gave a general graphical 
method for dealing with a large number of problems 
for motion in a resisting medium. 


ELEcTRICAL RESEARCH. 


One of the lines of research work in the electrical 
field which appears particularly suited to a research 
association is the investigation of switching and 
arcing with large currents or high voltages. This 
class of work cannot be undertaken in any college 
laboratory, and while the individual manufacturer 
can do more, he will usually not have the necessary 
plant available, or even if he has will hardly be in 
a position to devote it to work of this nature. The 
phenomena of switching and arcing forms one of the 
items in the programme of the British Electrical and 
Allied Industries’ Research Association, and a plant 
for investigations on oil circuit breakers has been 
installed at the Carville Power Station of the 
Newcastle-on-Tyne Electric Supply Company. 
Important work has already been done with this 
plant, which cost several thousand pounds, and 
the association is appealing to large users and 
suppliers of electricity for their co-operation in 
extending the research. In view of the importance 
of this work it is to be hoped that this appeal will be 
responded to and that full advantage will be taken 
of the unique plant which has been erected. Allied 
work is being carried out by the association on the 
development and relief of pressure in mining switch 
gear and on fusible cut-outs. The continuation of 
work on air-brake circuit breakers is at the moment 
held up awaiting the provision of necessary facilities. 
The half-yearly progress report of the association 
which has just been issued indicates as usual that 
a very large amount of research is in hand. Apart 
from that relating to switch gear, already mentioned, 
researches are being carried out on various types 
of manufactured insulating material, porcelain, 
mica and micanite and insulating oils. In con- 
nection with this latter item an attempt is being 
made to develop a method of testing eliminating 
the high-voltage transformer equipment which is 
now necessary, and an investigation is being made 
of the merits of centrifugal separators for trans- 
former oil purification. The association continues 
to co-operate in the important corrosion researches 
of the Institute of Metals and in the turbine nozzle 
research of the Institution of Mechanical Engineers. 
A further report on this work is shortly to be pub- 
lished by this latter Institution. The association is 
also carrying out work on turbine blading and the 
properties of steam at high temperatures and 
pressures. Among other researches, all of which 
we need not specify, are one on die casting and one 
on the limiting conditions under which objectionable 
flicker is produced in electric lamps by cyclic 
variations in supply voltage. 


SMALL-ScALE FLoTation TESTS. 


The paper on an apparatus for “ Small-Scale 
Flotation Tests,” which Messrs. J. L. Sulman and 
H. F. K. Picard brought before the Institution of Min- 
ing and Metallurgy on the 18th inst., was not merely 
a further contribution to their studies of the physics 
of flotation, on which we commented in our issues of 
November 28 and December 26, 1919. Concentra- 
tion of minerals by flotation is now widely practised ; 
but not all minerals are amenable to such treatment, 
and samples of only a few ounces weight are some- 
times submitted to a preliminary test to determine 
whether or not flotation is likely to prove successful. 
The new apparatus, the application of which Mr. 
Sulman dealt with in the paper under notice, was 
said to be of real utility in such cases. Further, 
larger-scale tests with the aid of the “slide 
machine” would, of course, be advisable before 
laying down a flotation plant; but in cases ° 





non-success with the new apparatus it was pretty 
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certain that flotation on a large scale would not 
prove satisfactory. There was little to support 
the prevalent view that a kind of mass action 
would allow of the separation of almost any 
minerals from ore, provided sufficiently large bulks 
were dealt with. The apparatus shown is of the 
ordinary chemical laboratory type and_ consists 
of several glass vessels which are joined by means 
of rubber tubing. There is first the “shaking 
bottle,” a bottle of about 50 cub. cm. capacity, in 
which 10 grammes of the disintegrated ore or slime 
are shaken with distilled water and oil. Distilled 
water is selected as a standard substance, because 
the purity of the actual mine water is an unknown 
factor to be considered later. Very little oil, about 
1 lb. to 1 ton of ore being required, an emulsion 
of the oil or a soap solution of the oil is prepared, 
of which a few drops of known concentration ‘are 
added to the mixture by means of a pipette. Mere 
shaking of the bottle may cause a steady froth to 
collect at the top of the liquid; the froth is drawn 
off through a side tube, the settled gangue and 
liquid being run out through the tapered lower end 
of the bottle, which is fitted with a stopcock. In 
most cases the shaken liquid will be transferred to 
the “ clean-up or sub-aeration bottle,” which is a 
glass tube, divided by a porous diaphragm (made of a 
special clay, though a piece of velvet would do) 
into a lower small section and an upper larger section. 
The lower section ends in a stopcock and is laterally 
connected with a rubber bulb by squeezing which 
either suction er a pressure of 2 lb. per square inch 
can be applied. The liquid is poured into the upper 
portion of the vessel, some of the water draining 
through the porous diaphragm, while more is re- 
moved by suction. By working the bulb, air is 
then sent through the water and the diaphragm in 
a very fine stream, so that a froth forms at the 
top of the tube near which it overflows into the 
collecting bottle. Various additions have previously 
been made to the liquid. A little amyl alcohol or 
cresol serves as frothing agent, preventing the air 
bubbles from coalescing ; this effect is very strik- 
ing; the addition at once changes the big air 
bubbles into a cloud of very fine bubbles. Certain 
oils (pine oils and eucalyptus) will froth by them- 
selves in water emulsions ; hydrocarbons (paraffins) 


will not froth, but they can be added as “ collect- |° 


ing oils” to make up the total oil desirable. Some 
acid, sulphuric or hydrochloric, is mostly added to 
the liquid in the shaking bottle; this acid is to 
serve as a defloculent to prevent gangue particles 
from remaining in the froth. Oils containing fatty 
acids will not readily emulsify; they are first 
rendered alkaline and then treated with acid; in 
alkaline liquids sodium silicate is a good defloculent. 





ROTATING DISCS OF CONICAL 
PROFILE. 
(Concluded from page 3.) 

In the previous article* it was pointed out the 
Stresses in a rotating disc having a straight line 
profile could be determined if we could find the 
stresses produced in a “ complete” disc by three 
sets of forces. a 

By a complete dise is to be understood the disc 
obtained if the conical surfaces by which it is 
bounded were produced to intersect each other in 
a knife edge at the periphery, and in the other direc- 
tion to intersect on the axis of rotation. This 
complete dise is represented in Fig. 3, page 1, ante. 
The problem for any disc cut from this can be 
solved if we determine the stresses produced in the 

complete ” dise by (1) the purely centrifugal forces ; 
(2) by an edge loading of 1 Ib. per inch run applied 
to the knife edge forming the periphery; and (3) 
by an infinite pressure applied to the interior of an 
infinitely small hole drilled through the centre of 
the disc. It was shown that the problem thus 
defined led to a differential equation of which the 
solution could be expressed in the form of infinite 
Series. The series in question were evaluated and 
the results printed in Table I. Since this was 
published an alternative method of evaluating the 





* Exratum.—In equations (9) and (10), page 2 ante, 
for z(e — 1) @P read a (1 — oy @P 
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Series has been devised and used to check the tabu- 
lated figures. In Table I, moreover, the curve for 
P,, being very flat, the values of Q, were determined 
by arithmetical differentiation using finite difference 
formula. The values of Q; have now been computed 
directly from the appropriate infinite series, and 
we give below a revised version of the table. In 
no case is the difference really serious. 
TABLE I (Revised).—Funcetions for Calculating the 
Stresses in Conical Discs (Fig. 3, page 1 ante). 























z= | 
+] Pf Pe Qe | tex | XH 
R ‘ ; 
0-00 | 1-00000) 1-00000 @ fo) 0-13540/0-13540 
0-05 _— — —259°74 |274°18 _ -- 
0-10 | 0-97627) 0-95214 99-957 | 69°549 | 0-12906/0-12876 
0-15 — _— 24-380 | 31-065 — = 
0-20 | 0-95170) 0-90163;— 12-431 | 17-525 | 0-11729)0-12149 
0-25 — — — 7-1497 | 11-159 — _ 
0-30 | 0-92616) 0-84800)— 4-4597 | 7-6257 | 0-10087|0-11274 
0°35 — — 2°8517 | 5-5453 — _ 
0-40 | 0-89953) 0-79059 1-8949 | 4-1494 | 0-08324/0-10283 
0-45 - _ 1-2804 | 3-1844 > _ 
0-50 | 0-87163) 0-72853) — 0-87163) 2-4718 | 0-06381)/0-09130 
0-60 | 0-84220) 0-66047)— 0-39950| 1-5264 | 0-04437/0-07788 
0-70 | 0-81091| 0-58429)— 0-17011} 0-93046) 0-02684|0-06233 
0-80 | 0-77723) 0-49587| —0-059426) 0-52287| 0-01318/0-04429 
0-90 | 0-74021|) 0-38711)—0-012053) 0-22632| 0-00362/0-02365 
1-00 | 0-69702) 0-20911 0 0 0 0 
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complete disc. (See Fig. 3, page 1 ante). 

In this table R denotes the outer radius of the 
“ complete ” disc whilst r is the radius to any other 
point. With the exception of the figures in the last 
line of the table the values given have been com- 
puted directly from the series, but it was not pos- 
sible to determine thus the values of P, and Q,, 
when «= 1. The curve for P, is, however, very 
flat and moreover from the differential equation 


2 
) where D = external diameter of 


7P4(3-22)9P 4 21-2 FP H9 
dx d x2 
We see that when x = 0 
PL ap . : bi 


da 

Hence taking account of this relationship an 
extrapolation may be made with considerable 
confidence. 

Moreover, we have the relation 

Q=Pi+z pKa 

Hence, taking note of (11) we see that when 

os 
Qi = °3 Pi. 

Intermediate values of P,; and Q, and of ¢@ and 
wW can be obtained by interpolation. On the other 
hand, in the case of P, and Q,, it is better to inter- 
polate for the corresponding stresses or, rather, 
“stress coefficients,” which are given by the rela- 
tions 

po = Fh 
, 1-2z 
and 





Brenig 
ar 1-2 

In this case the curves representing the stresses 
are flatter than the curves for P, and Q,, whilst 
the reverse is the case. with the other functions. 
For values of P, and Q,, when x is nearly zero, 
the interpolation may be made by taking the reci- 
procals of the tabulated numbers and interpolating 
between these for the reciprocal of the value sought. 

The stresses corresponding to the functions in 
Table I are found by dividing the tabulated values 
by 1—z. We thus get Table II, which shows the 
stresses produced in the complete dise by the centri- 
fugal forces acting alone, and by a pull of 1 Ib. 
per inch run applied to the periphery of the com- 
plete disc, also acting alone. The values tabulated 
under the heading p, and q, are the stress co- 
efficients corresponding, as already stated, to the 
application of an infinitely great pressure to the 
interior of an infinitely small hole drilled through 
the centre of the disc. 

This table has been compiled by dividing the 
various “ respondents ” in Table I by (1—2) ; inter- 
mediate values being interpolated. In the case of 
p, and q, the quotients thus found have been in- 
creased so as to correspond to a peripheral loading 


of 1 Ib. per inch run. Here, again, a singularity is | p 


met with in determining the values corresponding 
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tox=1. In several cases the quotients assume the 


‘ 9 0 
indeterminate form x“ 


In the case of p, and p, it is easy to see that 
the quotient is zero, whilst the value for q, has 
been found by arithmetical differentiation. 


TABLE II.—Stresses Developed in Complete Disc by 
different Methods of Loading. 















































Stresses due to per ee mo 
a Pull of 1 Lb. r 
Stresses due to per Inch Run ee ee 
— |Centrifugal Ferces,| Applied to Knife- Toterior sf = 
Lb. per sq. in. Edge Forming Infinitel “i eal 
Periphery of gece Ee ey 
Complete Dise, vases Gente 
Lb. per sq. in. of Disc. 
Tangen- | Tangen- Tangen- 
£.= Radial tial | Radial tia Radial tial 
r pe = Ge | Pl a1 P2 q2 
sh Pex Tex | 
0-0 0-1354 | 0-1354 1- | 1-435 ao oo 
0-05 | 0-1398 | 0-1391 1- 1-475 |—273-4 | 288-6 
0-10 | 0-1434 | 0-1431 1- 1-518 |— 66-62) 77-28 
0-15 | 0-1458 | 0-1474 1- 1-565 28-68) 36-55 
0-20 | 0-1468 | 0-1519 1- 1-617 16°54; 21-91 
0-25 | 0-1460 | 0-1564 1: 1-674 |—9-553 14-88 
0-30 | 0-1441 | 0-1610 1-§ 1-738 | —6-371 10-89 
0-35 | 0-1419 | 0-1661 2: 1-809 | —4-387 8-531 
0-40 | 0-1386 | 0-1714 2- 1-890 |—3-158 6-915 
0-45 | 0-1338 | 0-1769 2-5 1-983 | —2-328 5-788 
0-50 | 0-1276 | 0-1826 2% 2-090 |—1-743 4-944 
0-55 | 0-1199 | 0-1885 2- 2-217 |—1-309 4-301 
0-60 | 0-1109 | 0-1947 3° 2-369 | -0-9988 3-816 
0-65 | 0-1006 | 0-2012 3° 2-556 | —0-7523 3°419 
0-70 | 0-08947/ 0-2078 3° 2-794 |—0-5670 3-102 
0-75 | 0-07820) 0-2145 4:5! 3-111 |—0-4161 2-835 
0-80 | 0-06590) 0-2215 5°5 8-557 |—0-2971 2-614 
0-85 | 0-05184; 0- 2287 7 4-276 |—0-1995 2-421 
0-90 | 0-03620) 0-2365 | 10- 5-554 |—0-1205 2-263 
0-95 | 0-01894| ‘0-2441 | 20-64! 8-890 |—0-0555 2-140 
1-00 | 0-0000 | 0-2547 ¢ | 9) 2-051 
| 
D\2 /R.P.M.\2 
oT = 2 — : | = ex i o 
(x) ( 100 ) where D external diameter of 


complete disc. (See Fig. 3, page 1 ante.) 


To illustrate the use of the table let it be re- 
quired to determine the stresses in the disc repre- 
sented in Fig. 4, page 116, where for the sake of clear- 
ness a different scale has been used for the axial 
measurements from that adopted for the radial 
dimensions. This case was submitted to the writer 
by the drawing office of a leading firm of turbine 
builders. 

The particulars given in addition to those in- 
scribed on the diagram were merely that the 
speed of rotation was 3,000 r.p.m. and the load 
applied at the periphery, where the radius is 21} in., 
was 5,310 Ib. per inch run, which is equivalent 
to 8,850 lb. per square inch. 

By prolonging the straight sides of the section 
it is found that R, the radius of the complete disc, 


is 65 in. Hence, if 2, be the value of 2 at the 
external diameter, we have 
; % = 0 = #26 
R 65 


Similarly, if 2; be the value of x at the internal 
diameter, 


i On 
65 
The value of T is 
2 x (6-5)2 x (30)2 = 76040 Ib. 


per square inch. 

By graphic interpolation, between the figures 
given in Table II, we get the following values at 
the internal and external diameters :— 


Ve | « | mn | om | pa 





x | | q2 
RONn? Saeed eS bis ity cache gst 'E 
} 
0-1538 |0-1459 | 0-1478 | 1-632 | 1-568 |—27-15 | 35-00 
0-6616 |0-0983 | 0-2028 | 3-490 | 2-608 |=0-747 | 3-407 





Taking the complete disc we note that under 
centrifugal forces only we should have at x, a radial 
stress of 76040 x -0983 = 7475 lb. per square 
inch and a tangential stress of 76040 x -2028 — 
15420 Ib. per square inch. Whilst at 2; the radial 
stress is 76040 x -1459 = 11090 lb. per square in., 
and the tangential stress is 76040 « -1478 = 11230 
Ib. per square in. Actually the radial stress must 
be zero at the inner periphery and equal to 8850— 
7475 = 1375 lb. per square in. at the outer’ peri- 


hery. 
We therefore add to the centrifugal stresses the 
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stresses A p, and B p, where A and B are so adjusted 
that at the inner periphery we have 
A 7]; + B po], = — 11,090 Ib. per sq. in. 
which will just suffice to cancel the radial stress 
due to the centrifugal forces as found above. 
At the outer periphery we must also have 
A pi), + B pe], = 1,375 lb. per sq. in. 
Substituting the values given above we get two 
simultaneous equations for determining A and B, 
viz. :— 
A x 1-632 — 27°15 B= — 11,090 
A x 3:490 — 0°747 B = 1,375 
Solving these equations in the ordinary way 


4. 






to 
Ram ~S310L6. 


per 


0 5 10 15 20 25 30 
(1683) Radius tn Inches 


gives A = 487-7 and B = 437-9. Knowing these 
values of A and B we can calculate the stresses at 
intermediate points with the aid of Table II. 

Thus when x = 0-2 the radial stress is 

76,040 x +1468 + 1°707 x 487°7 — 15°54 x 437°9 

== 5,187 lb. per sq. in. 

Similarly the tangential stress there is 
76,040 x 0°1519 + 1°617 x 487°7+ 21-91 x437°9 =21,833 

Proceeding in this way we get the following 
values of the stresses at different points :— 


a = 0°1538 0:2 0-3 0-4 0:5 0°6616 
Radial 
stress ... = 0 5,187 9,096 10,206 10,159 8,850 
Tangential 
stress ... = 26,560 21,830 17,860 16,980 17,070 16,910 


It will be seen that for a considerable distance the 
tangential stress is in this practically constant. The 
two systems of stress have been plotted in Fig. 4. 





Tue Brrtish Assocratron.—The British Association 
state that for the meeting to be held in Liverpool on 
September 12 to 19, under the presidency of Sir Ernest 
Rutherford, the following have been appointed sectional 
presidents: Mathematics and Physics, Professor J. C. 
M‘Lennan; Chemistry, Professor F - Donnan ; 
Geology, Dr. Gertrude Elles; Zoology, Sir W. H. 
enemas t Engineering, Sir Henry Fowler; Anthrop- 
ology, Mr. P. E. Newberry; Physiology, Professor 
G. H. E. Nuttall; Psychology, Mr. C. Burt; Botany, 
Mr. A. G. Tansley ; Education, Professor T. P. Nunn ; 
Agriculture, Dr. C. Crowther. 


ADVANCES IN METALLURGY AND MopERN ENGINEER- 
1NG.—The address on ‘“ Advances in the Metallurgy of 
lron and Steel and their Influence upon Modern Engineer- 
ing,” which Sir Robert Hadfield, Bt., F.R.S., delivered 
before the Cambridge University Engineering Society 
on Thursday this week, was illustrated by many kinema- 
tograph and lantern slides as well as by a large collec- 
tion of exhibits both of technical and historical in- 
terest. Dealing in the first, part of his lecture with 
matters chiefly relating to Cambridge and engineering, 
and in his second part with metallurgy, metallurgical 
chemistry and their applicetion to modern engineering, 
Sir Robert naturally travelled over wide ground, as some 
of his headings may indicate. 
ancient and modern artillery, the road to knowledge, 
furnaces, feminine interest in engineering, the pro- 
minence of the British chemist, Sheffield, electrical 

wer, &c. The lecturer opened his address by a quota- 
tion from the “ Tractate of Education,’’ by John Milton, 
who was a Fellow of Christ’s College, Cambridge, and 
concluded it with extracts from ‘‘ My Life and Work,”’ 
by Mr. Henry Ford. He mentioned that there are now 
5,582 members of the university resident at Cambridge, 
of whom 4,137 are undergraduates and 117 research 
students. Professor C. E. Inglis is head of the engineer- 


Cambridge scientists, | * 


THE WORLD’S SHIPBUILDING. 

LITTLE surprise, we imagine, will be occasioned by 
the statement that the world’s production of merchant 
shipping during 1922 has declined very considerably 
in comparison with the previous year. The decline, it 
will be remembered, set in in 1920, the year 1919, 
during which well over 7,000,000 tons of shipping were 
launched, having constituted a record. Since that 
time a reduction in the total production has been 
recorded each year. The production for 1920 was 
less than 6,000,000 tons, while that for 1921, in round 
numbers, was only 4,300,000 tons, and last year’s 
figure, according to statistics just issued by Lloyd’s 
Register, amounted to but 2,467,084 tons. If we except 
two years during the early part of the war, the last- 
mentioned figure is the lowest recorded since 1910 (for 
which year the total production was just below 2,000,000 
tons), and is only 74 per cent. of the production in 
1913, the pre-war record year. Last year’s output, 
we may mention, is less by some 43 per cent. than 
that for the previous year, and is only a little more 
than a third of that for 1919. 

In dealing with the figures for 1921 in an article 
published on page 114 of our 113th volume, we called 
attention to the fact that while the production of the 
more important shipbuilding countries showed a 
material reduction, that of some of the smaller nations 
constituted a record. This, however, is not the case 
for 1922, since the production of every country, with 
one exception, has fallen off considerably during the 
year. It is interesting to note that the exception 
referred to is Germany, that country having launched 
more tonnage than ever before. The German tonnage 
launched last year amounted to over 575,000 tons, 
as compared with 509,000 tons in 1921 and with some 
465,000 tons for the pre-war record year of 1913. 
Evidently the Germans are making strenuous efforts 
to recover the position among the maritime nations 
of the world lost as a result of their ill-advised bid for 
world dominion. The United States, on the other 
hand, launched less than 120,000 tons of shipping last 
year—a figure which is in striking contrast with that 
for 1919 which was over 4,000,000 tons. 

Great Britain and Ireland.—The vessels launched in 
Great Britain and Ireland last year numbered 235 and 
had an aggregate tonnage of 1,031,081, the latter figure 
being less by 506,971 tons (33 per cent.) than that 
for the previous year. Last year’s tonnage, it is 
interesting to note, constitutes a larger proportion of the 
world’s total production than the output for 1921 did, 
the proportions for the two years amounting to 41-8 
per cent. and 35-5 per cent., respectively. It should 
be pointed out, however, that in 1913, the British 
shipbuilding industry accounted for 58 per cent. of 
the world’s total production, so that our position as a 
shipbuilding nation is still much weaker relatively than 
it was in pre-war times. 

Of the vessels launched in this country last year, 
208, with a total tonnage of 950,516, were steamers ; 
17, making 78,341 tons together, were motor vessels ; 
while the remaining 2,224 tons were comprised in 
10 barges; not a single sailing vessel was launched 
during the year. The returns show that, of the vessels 
launched, 91 were of between 5,000 tons and 10,000 
tons each, while 17 vessels of over 10,000 tons were 
put into the water. Among the latter were the 
Franconia (20,000 tons), the Conte Verde (18,000 tons) 
and the Doric (16,300 tons). Further progress in 
the use of geared turbines for propulsion has to be 
recorded for the year under consideration, and 50 of 
the vessels launched, having a total tonnage of 443,879, 
will be fitted with this class of machinery. The largest 
motorship launched is one of 9,500 tons, and of the 
motor ship total, 9 are of 5,000 tons and upwards. 
Excluding vessels of less than 1,000 tons, 42 of all 
ships launched, making a total of 262,800 tons, are 
intended for the transport of oil in bulk, and of this 
number, 34 have been constructed with the Isherwood 
system of longitudinal framing. 

A considerable proportion of the tonnage launched 
in this country last year was built for foreign and 
Colonial owners, the actual tonnage amounting to 
268,312 and representing 26 per cent. of the total. 
This percentage, it should be noted, is much lower than 
that for 1921, when the tonnage built in this country 
for export constituted 38-5 per cent. of the total 
production. It is, however, still higher than was the 
case in pre-war times when the average figure for the 
years 1909 to 1913 was about 22 per cent. 

Table I, annexed, shows the outputs of the more 
important shipbuilding centres of Great Britain and 
Ireland for the last three years. The Clyde, of course, 
takes first place in order of magnitude of tonnage 
launched, the combined figures for Glasgow and 
Greenock making a total of 392,068 tons ; this tonnage 
is, however, only about 78 per cent. of that produced 
on the Clyde in 1921. On the Tyne, the reduction has 
been from 354,813 tons in 1921, to 240,788 tons last 
year, the difference of 114,025 tons representing over 





ing laboratory. 


32 per cent. of the 1921 total. For the Tees, the 





reduction amounts to 99,024 tons, while for Barrow 
the corresponding figure is 42,275 tons. Only in the 
case of Dundee is last year’s production greater than 
that for 1921. Last year has in fact, been one of very 
serious depression in the British shipbuilding industry, 
but recently orders for new ships have increased, and 
there are reasonable grounds for anticipating that the 
current year will show some improvement on the 
last. As mentioned on page 51 ante, the tonnage laid 
down during the last quarter of 1922 amounted to 
231,187—a very considerable increase in comparison 
with the figures for several previous quarters. 


Tasie I.—Showing the Number and Tonnage of Merchant 
Vessels. Launched in the Principal Shipbuilding 
Distrects in Great Britain and Ireland during the 
Years 1920-1922. 




















Total Total Total 
1920. 1921. 1922. 
District. 
No.| Tons. |No.| Tons. |No.| Tons. 
(Gross.) (Gross. ) (Gross.) 
Aberdeen .. ..| 19 | 12,408 | 12 | 12,891 3 3,390 
Barrow, Maryport 
and Worki n 6 | 37,480 | 7 | 63,617 3 | 21,342 
Belfast and n- 
donderry ..| 26 | 138,709 | 17 | 106,071 | 12 | 94,019 
Dundee... --| 10 | 32,797 | 10 | 16,740} 9 | 31,552 
Clyde— 
Glasgow .. . {183 | 457,032 | 84 | 358,347 | 51 | 270,63) 
Greenock ..| 47 | 223,434 | 34 | 146,842 | 21 | 121,429 
Hartlepools --| 16 | 73,221 |] 6] 34,101 4] 18,822 
Hull Me .-| 42 | 30,588 | 16 | 31,231 9 2.200 
Leith - --| 17 | 36,517 | 10 | 17,036 + 8,193 
Liverpool .. .-| 34 | 46,938 | 27 |] 51,087 5 12,189 
Middlesbro’, Stock- 
ton and Whitby | 44 | 195,452 | 28 | 129,559 | 17 45,814 
Newcastle .. .-| 83 | 365,775 | 73 | 354,813 | 42 | 240,788 
Sunderland . | 67 | 314,454 | 80 | 144,280 | 27 | 126,713 























Other Countries.—As far as shipbuilding yards abroad 
are concerned, no appreciable improvement appears yet 
to have taken place. Comparatively few orders for new 
vessels are being given, and in many cases berths 
remain vacant after the vessels built on them have 
been launched. Work has also been suspended on a 
considerable quantity of tonnage nominally in hand 
in foreign yards, the total tonnage affected in this way 
amounting to about 216,000 tons at the end of December 
last. The vessels launched abroad during 1922 
numbered 617 and had a collective tonnage of 1,436,003. 
This tonnage comprises 434 steamers, making 1,265,656 
tons; 86 motor-ships, having an aggregate tonnage 
of 131,216; and 97 sailing vessels and barges, totalling 
39,131 tons. The above-mentioned total shows a 
decrease of 1,367,624 tons (49 per cent.) in comparison 
with the corresponding figure for the previous year 
and is 4,088,104 tons (74 per cent.) lower than that for 
1919; it is still, however, some 35,000 tons higher than 
the figure for 1913. 

Of the foreign-built vessels, 56 are of between 
4,000 tons and 6,000 tons, 43 of between 6,000 tons 
and 8,000 tons, 21 between of 8,000 tons and 
10,000 tons, while 10 ships exceeding 10,000 tons 
each have been launched. Considering only vessels 
of 1,000 tons and over, the returns show that 54 ships 
with a total tonnage of 332,405 are to be fitted with 
steam turbines for propulsion and in most cases the 
turbines are provided with reduction gearing. As 
previously mentioned, the vessels to be fitted with 
internal-combustion engines number 86, and have a 
total tonnage of 131,216. Fourteen of these vessels 
exceed 4,000 tons each, 7 of them being built in Germany. 
3 each in Denmark and Sweden, and 1 in Norway. 
The tonnage of vessels of timber construction Jaunched 
during the year amounts to only 34,454, as compared 
with 52,193 tons in 1921 and with 1,145,582 tons in 
1918, the last-mentioned tonnage representing 28 per 
cent. of the total production for that year. Only 
two vessels of reinforced concrete construction were 
launched last year, and as these ships only account for 
4,500 tons together, it would seem that the use of this 
material for shipbuilding purposes has been practically 
abandoned. Apart from a number of barges and other 
small craft, the sailing ships launched abroad number 
58, and have a total tonnage of 13,892; the largest 
vessels of this class, however, do not exceed 500 tons 
each. 

In Table II, on the next page, we give the outputs 
of all the more important shipbuilding countries of the 
world for the years 1892 to 1922 inclusive, and from 
this it will be seen that, excluding Great Britain and 
Ireland, the countries in which the greatest production 
has taken place are Germany, France, Holland, United 
States, Italy and Japan. These six countries between 
them account for 1,117,204 tons, or 82 per cent. of the 
total tonnage built abroad. i. 

Germany.—During the year under review, 195 
vessels with an aggregate tonnage of 575,264 have 
been launched from German yards, so that Germany 
now takes first place among the foreign shipbuilding 
nations. It may be pointed out that the German 
tonnage amounts to 40 per cent. of the total built 
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A sMALL and simple machine which may be used for 
many purposes, such as turning, milling and drilling, 
either vertical or angular, is of service not only in 
small works, where the provision of equipment suitable 
for a variety of work must be accommodated within a 
very limited space, but also in large works, where the 
repetitive production of small parts with many angular 
drilling and milling operations must be carried out. 
The use of such a machine may remove the necessity 
for many expensive jigs and fixtures if it is constructed 
to allow easy setting to definite graduations. With 
it much time may be saved in setting up for the 
performance of a number of operations. 

The Triplex machine which has been designed and 
manufactured to meet these conditions is built in the 
shops of the B. C. Ames Company, of Waltham, Mass., 
for the Triplex Machine Tool Corporation of 18, East 
Forty-first-street, New York City, U.S.A., and is 
illustrated on this page and on page 110. 

As it may be applied to a variety of operations com- 
prised within the headings of turning, milling and 
drilling, its sphere of usefulness is very extensive. In 
tool room work, experimental workshops, instrument 
making, garages and electrical repair shops, there is a 
wide scope for such a tool. 

In construction the machine consists of a cast-iron 
bed, provided at one end with a hollow cylindrical 
column which is used to support a curved arm on which 
the headstock, its gears and the electric motor for 
driving are all mounted. The headstock may be set 
in the horizontal position or any intermediate one 
between that and vertical working. An electric motor 
of } h.p. either of the reversible constant speed direct 
current type or for the use of alternating currents is 
part of the standard equipment. This drives enclosed 
gears in the headstock casting which give six spindle 
speeds ranging from 90 to 1050 r.p.m. The working 
table is 14} in. long anc 5 in. wide and supported from 
the column at the one end and, when the tailstock 
is in position, by a tee bolt and nut to the lower part 
of the tailstock casting. On the bed the slide rest is 
supported and is provided with tee shaped channels in 
its length and across it for holding the tool rest in posi- 
tion. In the machine a longitudinal feed of 10 in., 
a transverse feed of 6 in. and a vertical feed of 4} in. 
are available. The maximum distance between centres 
is 14 in. and the spindle can be given a forward travel 
of 3in. The tailstock may be removed from position 
as it is only held in position by tee bolts, when the work 
is of a type for which it is unnecessary or an obstruc- 
tion. 

The smaller details of the machine have been” care- 
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THE MACHINE 


fully considered. The spindle bearings are made 
tapered and consequently adjustable for wear. All the 
bushes are made of phosphor bronze and provided with 
oil grooves to ensure efficient lubrication. To take 
the end thrust on the spindle, when the machine is 
used for drilling, an S.K.F. ball thrust bearing is 
mounted on its end. The gears are made of steel and 
the spindle and tailstock of tool steel and ground to 
size. All the feed screws are provided with micro- 
meter dials to obtain the requisite precision adjust- 
ments. For the turning of tapered work graduations 
are provided, in inches per foot and in degrees, for 
swivelling the bed. The carriage may be locked in 
any position and the spindle head may be clamped 
to the curved arm by means of a single nut. A counter- 
weight within the vertical column serves to counter- 
balance the spindle head. All the gear shafts run in 
ball bearings of the 8.K.F. type. 

In the illustrations annexed and on page 110 the 
machine is shown set up for the performance of some 
of the many classes of work for which it has been 
designed. 

Internal and external thread cutting (Fig. 1), may 
be accurately accomplished by using a master screw of 
the required pitch. These master screws can be 
obtained from the manufacturers of the machine for 
the ranges and classes of thread cutting operations for 
which the dimensions and construction of the machine 
are suitable. 

The machine may be readily transformed into a com- 
plete horizontal bench milling machine by using mill- 
ing cutters mounted on an arbor (Fig. 2), or by using 
straight shank end mills held in spring collets. A 
milling arbor { in. diameter may be used in the machine 
which can also accommodate a } in. spring collet. 

Angular and vertical milling can also be easily 
performed by moving the spindle head on the curved 
arm which is graduated in half-degrees. A unique 
feature of the design is that the spindle may be fed 
out of the head and locked in any desired position. 

As a sensitive drill (Figs. 3 and 4), the spindle may be 
used for vertical, angular or horizontal operations. Since 
the spindle is driven directly by gears the action is 
positive and free from belt slip troubles. Large work 
may be held to the base of the machine when the bed 
is swung out of position to the rear. 

Turning between centres or with a chuck, taper 
turning and boring operations (Figs. 5 and 6), may be 
performed with the Triplex machine in the same way 
as with any other bench lathe. 

The bench space occupied by the machine, which 
weighs 500 Ibs., is 16 in. by 30 in. A cast-iron floor 
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IN Use oN SIMPLE TURNING WORK. 


stand with a pan has been designed for use with the 
machine as well as many pieces of accessory equip- 
ment for special types of work. 





REGISTRATION OF ELECTRICAL ConTRACTORS.—A 
voluntary scheme of Registration of Electrical Contractors 
has been approved by a committee set up by the Institu- 
tion of Electrical Engineers, and invitations have been 
issued to the constituent bodies of this committee to 
nominate representatives, should they desire to be 
represented on the Registration Authority. 


DaNIsH SHIPBUILDING.—Whilst the large Danish ship- 
yards are doing fairly well, in some cases even very well, 
a number of smaller and new yards have either come to a 
stop, or are in hopeless financial straits. Most of these 
were started during the war, whilst others went in for 
extensions out of all proportion to subsequent conditions. 
Of the large yards, Burmeister & Wain are well employed, 
and the Copenhagen Floating Dock and Shipbuilding 
Company is just about to begin the work on four new 
steamers, two of 4,000 and two of 3,000 tons, for Danish 
shipping companies. 

APPLIED StaBitity oF Suips.—A paper with this 
title was read before a meeting of the Liverpool Engineer- 
ing Society, on Wednesday last, by A. T. Wall, in which 
he referred to the limitless possibilities of variation In 
the conditions on which the stability of a ship depends. 
The bold scheme of the German authorities to investigate 
this matter by making basic measurements of the pro- 
perties of hundreds of ships during voyages at sea was, 
of course, prevented by the European War. Accuracy 
of measurement in inclining experiments was not always 
one of their characteristics. The effects of some of the 
factors were discussed, and in conclusion, the author 
referred to the Stability Tables he had devised for the 
use of shipmasters, to enable them to comprehend the 
effects of variation of loading. 


ENLARGEMENT OF GOLDERS GREEN SraTion.—The 
Underground are now making provision for a record train 
service to run between Golders Green and London. An 
additional track is to be laid down at Golders Green 
Station and the number of platforms is to be increased 
from four to five. The growth in traffic at this station 
has been remarkable, and last year a record of over 
12,000,000 ngers was reached. With the opening 
of the Hendon and Edgware extensions, the new plat- 
form arrangements will pret of 28 trains an hour each 
way instead of 18 per hour. Golders Green will thus 


| become one of the best served centres out of town. 


At the new Brent Station, four tracks are being provided 
to secure up and down road passing loops so that expresses 
to and from Edgware can overtake trains stopp!ng at 
Brent Station. 
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HIGH-SPEED ENGINE INDICATORS.* 
THE PROBLEMS OF THE ENGINE INDICATOR. 
By LoucHnan PENDRED, Member of Council. 


Some members may recall the discussion provoked 
nearly forty years ago by Osborne Reynolds at the 
Institution of Civil Engineers, which may be read 
profitably in the eighty-third volume of the Proceedings 
of that Institution. The famous professor ventured to 
assert, and endeavoured to prove by mathematics and 
by the analysis of experiments made by Mr. Brightmore 
and reported on the same occasion, that the steam-engine 
indicator was a much more fallible instrument than was 
generally supposed. Many of the great engineers of 
that day stoutly denied the charges and affirmed their 
unshaken belief in cards taken by skilled operators. This 
old paper is referred to now because whatever differences 
of opinion about the quantitative value of Osborne 
Reynolds’ results may be justified, there can be no 
question that he examined with his accustomed skill 
and accuracy all the qualitative faults of indicators 
and their gear. In the intervening years the matters that 
he dealt with—the inertia of the parts, the elasticity of 
the cord, the friction of the pencil, the varying pull 
of the drum spring, and last, but not least, the periodicity 
of free vibration of the spring—have become familiar 
to every student of engineering. They are still as they 
were then, the problems of the indicator, but they have 
been magnified in importance by the augmentation of 
pressure and the increase in speed of engines, whilst a 
new problem has been introduced by the adoption of 
temperatures far higher than any with which Osborne 
Reynolds had to deal. . 

Did time permit it would be not unprofitable to follow 
the development of the indicator from its invention, 
hy James Watt, and its improvement, by McNaught, 
through the numerous designers who, step by step, 
have removed its faults and evolved the beautiful 
optical indicators of to-day. That course cannot now 
be followed in detail, but the Council of this Institution 
has thought that cohesion would be given to this sym- 
posium if the nature of the problems which inventors 
have had to face were placed in broad outline before the 
meeting. 

Inertia.—The greatest of all these problems is in the 
case of mechanical indicators, the inertia of the piston 
and the pencil mechanism. It soon became evident 
that satisfactory diagrams could only be obtained if the 
stroke of the piston were short. Hence magnifying 
mechanism had to be employed. It took, and still takes, 
the form of a lever giving a multiplication of either four 
or six times. In Gooch’s locomotive indicator a plain 
lever was employed and the pencil in consequence 
struck a curved line. -A correspondingly curved scale 
had to be used for the measurement of the pressure, 
and to overcome that inconvenience straight - line 
motions of one kind and another came into use. The 
outstanding characteristic of the different indicators 
is to be found in the form of straight-line motion 
employed. 

The object sought is a linkage that can be made 
extremely light but robust enough to stand fairly rough 
handling, and accurate enough to give a substantially 
straight line through the working portion of the stroke. 
The famous Richards indicator used the Watt parallel 
motion. It was followed by the Thompson indicator 
of 1875, in which the Scott-Russell motion was employed, 
and by other modifications of linkage—of which the 
Crosby is the most familiar—and by partly-guided 
mechanism of the Tabor and Darke form. In each 
Successive case the inventors endeavoured to find 
mechanism which, whilst fulfilling the requirements, 
could be made lighter than that of predecessors. Through 
the courtesy of the director of the Science Museum, 
South Kensington, where a very interesting collection 
of indicators is preserved, the author has been enabled 
to show in the table (page 120), the total weight of 
ail the moving parts with the exception of the springs 
The weight of the spring cannot be neglected, and it is 
usual to take one-half or one-third of it into account. 
It is needless to point out that the mere weight of the 
parts does not give us a complete clue to their effects. 
The parts move in various directions with various 
accelerations, and have various moments of inertia, 
each one of which has its own proper effect upon the 
pencil. The analysis of that effect, as may well be 
magined, is one of no small intricacy. 
bo leaving this very important problem, it should 
pet that since, in very high-speed engines, internal- 

ote se motors particularly, the load is suddenly 
“pplied and, what is of great importance, is very rapidly 
pr ed, it amounts virtually to a blow, and causes such 
ite phan inertia effects by driving the pencil far above 
reliable position and such violent spring oscillations, that 
to ames indications at a speed above, say, 300 r.p.m. 
cal ae ee are impossible. Another fact of a mechani- 
fachagaat'a — also be mentioned. Indicator manu- 
oni dean ave found it imperative to make hinges bigger 
ba yeebshin aaee heavier, to meet increased loads. It 
‘olan — that even now there is enough wear in the 
eee ously to affect the area of cards. 
nan ae Vibration.—Mention has been made of the 
mane of reducing the stroke of the piston. This 
"4 re ity arose from a condition which obtains as well 
indie ot apg | — of to-day as in all mechanical 
span eau ong stroke is associated with a long 
tan id the period of free vibrations of long springs 
pe oy dimensions 18 so great that a wavy line is 
ae by the pencil in gee of a steady line. But if a 
‘ and stiff spring be employed the frequency of 
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vibration becomes so high that within certain limiting 
speeds, the waves, which are very small, are damped 
out by the friction of the piston, of the pencil, and of the 
joints. Osborne Reynolds found that if there were 
30 complete oscillations per cycle a fair diagram was 
drawn. Hence the natural frequency for springs must 
not be less than 30 for moderate-speed engines ; it must 
be much higher for high-speed engines. In optical 
indicators of the Hopkinson or Burstall type extremely 
stiff springs are used, springs, that is, with a natural 
frequency of something approaching, or even exceeding 
1,000 per second, and with an extremely short stroke. 
But these instruments are intended for indicating high- 
speed internal-combustion engines, engines giving 
impulses to the spring at any rate up to 35 per second, 
and at the same time exerting very high pressures. In 
dise type indicators, that is in indicators which use a 
flat metal disc as the spring, the natural frequency is 
possibly still higher. Such springs have even at speeds 
up to 1,500 r.p.m. no injurious oscillation ; but since 
they are, when combined with their attachments, appre- 
ciably ponderous, their inertia may have a sensible 
effect when it is recalled that they have to be given 
their maximum deflections in a minute fraction of a 
second. 

If we assume that combustion is complete when the 
piston has moved through 15 deg., then in an engine 
running at 1,800 r.p.m. the maximum deflection must 
take place in ;45 of a second. It may help us to form 
some sort of a conception of this exceedingly brief period 
if it is stated that the distance through which a body 
would fall from rest in that interval of time is no more 
than s-h5 of an inch. 

In one indicator, which will be put before the members, 
that designed by the Royal Aircraft Establishment, the 
moving portion is made extremely light, and this cause 
of error or lag should thus be obviated. This indicator 
works on a new and very interesting principle. Imagine 
a piston to one side of which is applied a steadily in- 
creasing air pressure, whilst the other side is subject to 
the varying pressure in the engine cylinder. It is obvious 
that at the instant when the two pressures are equal 
the piston will be in equilibrium, and that the slightest 
increase of the engine pressure will cause it to move. 
If the piston is caused to break an electrical contact, then 
@ record may be obtained of the very instant at which 
equilibrium was passed. A second record will also be 
obtained when the engine pressure is falling; for, in 
that event a moment will be reached when the air 
pressure will overcome the cylinder pressure and drive 
the piston back again. That is the principle of the 
R.A.E. indicator. By the provision of suitable means, 
which will be described to you, the records are made by 
an electric spark on a revolving paper drum. This 
indicator has the very great advantage that there are no 
reciprocating parts and, consequently, no inertia effects, 
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springs. It is known to be important, and as a conse- 
quence the use of indicators with external springs has 
greatly increased. Unfortunately in some designs it is 
found necessary to use an extended piston-rod which 
causes an increase of weight and inertia. 

Springs and Pistons.—The influence of piston friction 
was not fully appreciated until attempts were made to use 
indicators at high speeds. As soon as it was recognised, 
the causes were examined and the distortion of the 
spring under load was immediately noted. It is well- 
nigh impossible to make a helical spring so accurately 
that whilst being compressed it will not lose its truly 
cylindrical shape. To reduce or obviate this difficulty 
the double helical spring was introduced by Crosby, 
and the piston was given freedom of motion by the 
adoption of a ball joint. The necessity for accuracy in 
this ball joint was pointed out in the discussion on the 
paper contributed to the Proceedings by J. G. Stewart 
in 1913. Whilst it is desirable to leave the piston as 
free as possible it should be pointed out that the ball 
joint will not prevent the piston from being pressed 
against one wall or the other of the cylinder. The spring 
is held rigidly at one end and distortion of it will tend to 
move the other end laterally. The ball joint cannot 
overcome this effect. It could only be removed by having 
a ball at each end of the spring, a plan which, as far as 
the author is aware, has not been tried, though, as shown 
below, a good arrangement is used in one well-known 
indicator. 

Details.—Whilst, as already said, the pencil mechanism 
is the outstanding characteristic of the different indi- 
cators we must beware of exaggerating its importance. 
Material differences exist between indicators which employ 
the same kind of straight-line motion as, for example, 
between the Crosby ‘‘ New ”’ indicator of America and 
the Maihak of Germany. 

In the Casartelli indicator the same pencil motion is 
used as in the Crosby and Maihak, but the spring is in 
compression instead of tension. The piston is mounted 
on a ball and a single helical spring is used. The piston 
is free to retain its parallelism with the cylinder, but since 
the spring is rigidly held at the top, any lateral distortion 
of it under compression would tend to thrust the piston 
against one side or other of the cylinder. This little 
weakness exists in nearly all indicators, and the only 
obvious way to overcome it would be to give the spring 
a spherical bearing at its abutment. 

Another detail of interest is the form of the indicator 
cylinder. In modern designs the cylinder is held in the 
casing at one end only by a screwed flange. The other 
end is quite free and the walls, which are thin, do not 
touch the casing. This arrangement has the advantage 
that the cylinder is able to expand quite freely in a 
longitudinal direction and fairly freely in a diametral 
direction. In this direction the stiff screwed flange 
puts some restraint on its movement. ‘The fact that the 


but it has the drawback that a considerable number of | steam or hot gases play about the outside as well as 
cycles—as many as 125—are required to produce a/| the inside of the cylinder reduces distortion. 


single card. The reduction of the autograph records 
to the familiar form occupies a good deal of time. Never- 
theless, for special purposes, as for example, the indica- 
tion of aeronautical engines in flight, it is a most promising 
invention. 

All indicators designed for the highest speeds differ 
in one important respect from the familiar mechanical 
indicators. Their portability is far less; they are, 
without exception, rather the instruments of the labora- 
tory than of the engine-house or its equivalent. There 
remains therefore still plenty of scope for the invention 
of an instrument which could be carried about as readily 
as a Tabor or a Crosby, which could be used on board a 
motor ship, a motor lorry or an aeroplane, and which 
would enable us to indicate such engines with as much 
precision as moderate-speed steam engines and internal- 
combustion engines. The miniature diagram indicator 
produced by the Cambridge and Paul Instrument Com- 
pany, approaches, at the moment, most closely to the 
requirements. 

The Drum and Its Mechanism.—Attention must now 
be directed for a few moments to the drum and its 
mechanism, and to the equivalent devices in indicators 
of special form. Simple as it may appear to be to copy 
precisely, on a reduced scale, the movement of a piston 
it is in fact, a problem of some difficulty at anything 
above speeds not exceeding, say, 300 or so revolutions per 
minute. The problem may be divided into three parts : 
(1) Disturbances caused by the reducing-gear itself ; 
(2) disturbances caused by the cord, and (3) disturbances 
in the drum. Under the first heading we have to deal 
with the ever-present obstacle of inertia and with defec- 
tive joints, in the second with elasticity, and in the third 
with inertia once more, and—in mechanical indicators— 
with the drum spring, which should, by preference, 
maintain a perfectly constant load on the cord. It 
cannot be said that any devices in common use have 
solved these problems, and a certain small percentage 
of error is always due to them and gets larger and larger 
as the speed increases. It is probable that the best 
way to overcome them is to give up the attempt to do so 
and to move the paper, as in continuous indicators and 
in the Mathot indicator, by clockwork, but when it 
is remembered that a complete cycle is effected in one- 
thirtieth of a second in an engine running at 1,800 r.p.m., 
it will be seen that to obtain separate cards about 3 in. 
long the paper would have to have a speed of well over 
90 in. per second, and the nature of the difficulty will be 
understood. 

It is impossible in the time at our disposal to deal 
with all the problems connected with the reducing 
mechanism and the influence of the cord. It must suffice 
to say that for speeds above 500 r.p.m. no reliable 
reciprocating gear has been yet invented, and to refer 
those who desire to study the subject to the literature 
of the subject. Neither is it possible to devote time to 
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the question of the effect of temperature upon helical 





The joints in the mechanism present another problem 
of great importance, not less as regards their wearing 
qualities than their number and accuracy. Since the 
multiplication effected by the gear is either four or six 
it will be readily seen that any backlash in the joints 
may readily assume serious proportions. If it exists 
then the pencil, owing to its friction on the drum, remains 
up after the piston has begun to descend, whilst on the 
exhaust stroke it does not fall as far as it should. In 
other words, the whole card is displaced relatively to the 
true atmospheric line. Distortion of the card is also 
caused. It is unnecessary to labour the point, for it 
is quite obvious that any slackness must lead to indefinite 
defects. 

Optical Indicators.—It is of importance that the two 
purposes to which indicator cards may be put should be 
clearly distinguished. They are first the estimation 
of horse-power, and secondly, the examination of the 
cycle of events occurring in the cylinder. In the indica- 
tion of steam engines and slow-speed internal-combustion 
engines the former is generally. the ruling motive, but in 
the indication of high-speed petrol engines the second 
is generally the object sought. Indicators of the optical 
type are more properly regarded as research or laboratory 
instruments than as engine-room appliances. They 
suffer, as already noted, from lack of portability and from 
that simplicity of use which characterises mechanical 
steam and gas-engine indicators. It is impossible not 
to feel regret that a simple and reliable indicator for 
extremely high speeds is lacking. It is common ex- 
perience that in multi-cylinder engines all the cylinders 
do not work equally well, and the invention of an indi- 
cator which could be applied to such cylinders with the 
ease of the common mechanical indicators is to be 
desired. 

The dise form of optical indicator has always attracted 
inventors from the time of John Perry up to Watson 
and Dalby. In instruments of the kind as usually made 
the disc or diaphragm is its own spring, and as it is in | 
direct contact with the hot gases, some doubt exists 
as to the constancy of the indications. It is held by some 
that the resistance of the disc diminishes as the tempera- 
ture rises, others are satisfied that with a certain measure 
of cooling as by water circulation in the casing, used by 
Watson, or by providing a large body of cooling and 
radiating metal as well, as used by Dalby, there is no 
material change due to a reasonable temperature rise. 
Beside the temperature effect on the resilience of the metal 
the expansion of the disc must cause some distortion. 
In one form of indicator, that designed by the late 
Professor Robert H. Smith, the disc was retained as a 
spring only, the pressure being received on a light copper 
diaphragm. 

Some doubt also exists as to the constancy of the scale 
of pressures when discs are employed: It is essential 
that the deflection per unit increment of load should be 


‘identically the same throughout the whole range of the 
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instrument. Watson found that the scale was not 
constant with a flat disc, and he therefore used a corru- 
gated one, and a corrugated disc is used by Dalby. 
Carpentier, on the other hand, retains the flat disc but 
corrects the change of scale by an ingenious mechanical 
device. 

Attractive as the disc form is, it has important dis- 
advantages, amongst which may be mentioned the 
difficulty of changing the diaphragms. They must be 
very rigidly grip at the periphery, or so-called 
“ hysteresis ” occurs owing to slipping when subjected 
to pressure, and the lag in return to form when the 
ete is removed. For these reasons several designers, 

opkinson and Burstall for example, prefer to use a 
»iston and external spring, but the piston, in its turn, 
on its own defects, the greatest of which is the need of 
ample lubrication, with too frequently the corollary that 
some of the oil is driven in a fine mist into the camera. 

The form of spring for the optical, or for the micro- 
indicator, provides an attractive subject for investigation. 
When the disc itself is not used as a spring, only two 
other forms are in use—the cantilever or encastré spring, 
and the bow employed by Hopkinson. There is a 
possibility of hysteresis in the Hopkinson form, owing 
to the spring pulling through its attachment when loaded 
and returning with lag when unloaded. In the cantilever 
spring this possible defect does not exist. On the other 
hand, such stiff springs, or bars, as must be used for high 
pressures must tend to distort the mounting in which 
they are held. Calibration of the spring in position is 
therefore essential, and even then some little doubt 
about accuracy must remain. 

The means of connecting and supporting the mirrors 
is of very great importance. When it is remembered that 
these mirrors are literally shaken violently some 30 to 35 
times a second the need for accuracy in details will be 
appreciated. On the whole it is better to use one mirror 
than two, and if possible it should be rigidly attached to 
the spring itself. The fact that the movements of the 
mirror or mirrors is extremely small, something in the 
neighbourhood of 5 deg. to 10 deg., makes it necessary 
to give attention to minute details if it be desired to 
measure the indicated horse-power; if the object is 
only to study the cycle extreme precision is not so 
essential. In the Watson-Dalby instrument two mirrors 
are employed, and as each is subject to its own proper 
errors of mounting the possibility of total error would 
appear to be greater than in single mirror indicators, like 
that of Carpentier and Hopkinson. The mirror mounting 
of the Carpentier instrument is scientifically elegant. 
The mirror is pi by springs against three points 
bearing on its back. The three points are at the angles 
of a right-angled triangle. The point of the right angle 
is fixed. One of the others is moved by the diaphragm, 
and the other by the engine. The incident ray of light 
should fall on the mirror immediately in front of the 
fixed point. It is interesting to note that in all these 
instruments using a reflected ray if the incident ray does 
not strike the mirror immediately upon its mechanical 
axis the scale will be distorted. Another source of trifling 
error lies in the fact that the screen upon which the image 
is thrown is flat. Theoretically, it should be a spherical 
surface struck from the mirror as centre. These little 
errors are mentioned to show that the optical indicator 
is subject to defects proper to it, just as mechanical 
indicators are subject to defects proper to them. It 
must be the continual effort of scientific inventors to 
remove those defects. 

The optical indicator will remain a costly laboratory 
instrument until a much less delicate form has been 
found, Convenient as it is for certain specified purposes 
to be able to see the “‘ card ’’ on the ground glass screen 
of the camera, it is questionable whether it would not be 
better to sacrifice that convenience for the sake of 
simplicity, accuracy and cheapness and in the hope of 
producing an instrument that could be used on ship- 
board. In the Mathot gas-engine indicator—a mecha- 
nical indicator—the paper is moved continuously, but 
the diagrams sppear as a succession of ordinates, A 
somewhat similar plan might be adopted for the 
optical indicator. A single mirror giving a vertical 
stroke only would be used. A _ light shutter would 
be placed in front of the pin-hole through which 
the beam of light was thrown upon the mirror. The 
shutter would be operated electrically by a commutator 
which could be set to open it for a fraction of time at 
any desired portion of the stroke. The position of the 
dot of light thrown on the screen could be scaled off 
direct or recorded on a sensitive film which could be 
moved forward by hand as desired. If the commutator 
were so devised as to give a score of ordinates at different 
but fixed points in the stroke, we should have twenty 
ordinates from which to construct a diagram or derive 
the mean pressure. As a mere hint to inventors the 
author ventured to on a sketch of this suggested device 
among diagrams exhibited at this meeting. 

_ Mechanically-operated optical indicators for high- 
speed engines suffer from the serious defect that, since, 
to give trustworthy resulis, they must be placed practi- 
cally on the engine cylinder, they are subject to engine 
vibrations. That is one of the reasons which led to the 
development of the R.A.E. electrical indicator. But the 
“balanced ” pattern is not the only form possible, and 
now that exceedingly sensitive galvanometers are avail- 
able, it is very probable that a pure electrical indicator 
will some day be found. An interesting form has been 
tried by Professor Trowbridge, of Princetown University. 
In it a small diaphragm is employed. To the diaphragm 
a very small coil of fine wire is attached and into the coil 
projects one pole of an electro-magnet. When the coil 
is moved it generates an electric current, the E.M.F. of 
which is proportional to the velocity with which the disc 
moves. The current is taken to a “string” galvano- 
meter of the type designed by the Dutch physicist 
Einthofen, and by suitable optical means a spot of light 
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TABLE.—Particutars oF STEAM-ENGINE INDICATORS IN THE ScrENCE Museum, SoutH KENSINGTON. 






































Weight Total Weight 
Date Name of Weight of of Tieieork Weight Scale Piston of Parts 
of In- Indicator. Piston and for Parallel of of | heen receiving Ramesin 
vention. | (Name of Maker.) Rod. Moti Spring. Spring. | 5 ’ Direct si 
ae Motion. 
gm. oz. gm. OZ. gm oz. gm. Zz. 
About Watts. lll 3.88 _ — |34 1.20 | Lin.-1lb./sq.| 1 sq. in. 145 56.12 — 
1800 | (Boulton Watt in. Max. 
and Co.) pressure 
reading 
+S 5 lb./sq. 
n. 
1810-20 McNaught. 89 3.14 — — {71 2.51 | Lin.-4lb./sq.| 1 sq. in. 160 . 5.65 — 
(Probably in. Max. 
McNaught.) pressure 
reading 
5 Ib. {sa in. 
1825-30 | (a) McNaught. 55 «1.94 —_ — (115.5 0.55 | Lin.-201b./ | 0.25sq.in. [70.5 2.49 — 
(Chadburn Bros.) sq. in. 
Max. press. 
a Ib./sq. 
n. 
1825-30 | (b) McNaught. 42 1.48 | Inner spring |Extra spring | Inner spring | 0.25 sq.in. |67.5 2.38} Inner spring 
(Chadburn Bros.) 25.5 0.90 |18.5 }o 90 1 in.-10.53 Combined Max. press. 
7.0 ; Ib./sq. in. scale reading 
oe Ex. sp. 93.0 3.28} 131b./sq.in 
ting combined Combined 
weight) scale scale. Max. 
1 in.-21.06 26 © Ib./sq. 
Ib./sq. in. in. 
1825-30 | (c) McNaugit. -—— 0.5 in. sq. 241. 8.52 — 
(Chadburn Bros.) 
Similar to (a) and 
(6) but larger 
and main spring Detalils not measure}d. 
in tension above 
atmospheric in- 
t stead of in com- 
pression. 
1840 Hopkinson. _ _ Inner spring | Upperspring| Inner spring | 0.25 sq. in. 100 §=3.53 _ 
(Hopkinson.) 6 0.212 |15.0) 4 06 i in.-10.71 
15.0 . Ib./sq. in. 
ee Max. press. 
ting 15 Ib./sq. in. 
weight) Upper spring 
combined 
scale 1 in.— 
51.1 Ib./sq. 
in. Max. 
pressure 
70 Ib./sq. in. 
1862 Richards. 30.51 1.08 | 16.02 0.565 |15.72 0.555] 1in.-8lb./sq.| 0.5 sq. in. |62.25 2.20) Has linkwork 
(Elliott Bros.) Including Ratio tracing in. for allel 
‘Improved Patent| milled nut point to piston Range motion and 
Steam-Engine fastening to displacement 10-15 lb./sq. interchange- 
Indicator.” parallel motion 4:1 in. able springs 
links. in various 
pressure 
scales. 
1862 » a 27.63 0.976 12.18 - 0.43 [24.1 0.85 | Lin.—20 lb./ 0.5sq.in. (63.91 2.26 — 
Manufacturer’s Including as Ratio as sq. in. | 
No. 1004. above. above. 15-47 Ib./sq. | 
(Earlier make in. | 
than above.) 29.48 1.04 | 1 in—40 lb./ | — 69.29 2.45 — 
sq. in. 
15-110 lb./sq. 
in. 
1878 Kenyon’s. _ _ 20.86 0.736 _ -— _ Diagram |20.86 0.74! Has Bourdon 
(Isaac Storey Ratio of scale given pressure 
and Sons.) tracing point by Bourdon tube in- 
travel to tube stead of 
Bourdon tube 1 in.-50 Ib. / piston and 
displacement sq. in. spring. 
24:5 
1878 Tabor. 19.63 0.693 | 2.68 0.095 |22.71 0.80 | 1lin.—40lb./ | 0.5sq.in. [45.02 1.59 _ 
(John Musgrave Including Ratio of sq. in. 
and Sons.) connections to | displacements |38.80 1.37 | 1 in.—100 61.11 2.16 
tracing arm. 6:1 Ib./sq. in 
1879 Darke’s. 20.38 0.72] 5.81 0.187 | 8.10 0.286) 1in—20 0.5sq.in. {33.79 1.19) For _ high- 
(Elliott Bros.) Including (Tracing arm) Ib./sq. in speed en- 
milled nut ratio of Range j gines, Tra- 
| connection to | displacements 15-20 lb./sq. | cer guided 
| tracing arm. 4:1 in. by slot 
| (fixed) in- 
stead of by 
linkwork. 
1879-82 Crosby. 15.23 0.54 [ 3.20  — /17.69 0.63 1 in.-10 0.5 sq.in, {36.12 1,28) For _ high- 
(Crosby Steam including including a Ib./sq. in. speed en- 
Gauge and Valve taper pin taper pin not gines. 
Co.) connection to | included under —_ 1.1* Steam f Pre- 
linkwork of piston, &c G ‘am "sent 
parallel motion.| Ratio 6:1 1.10/88 day 
1888 McInnes-Dobdbie.| 38.02 1.34 | 10.10 0.36 |14.00 0.494) 1lin—16 0.5sq.in. |62.12 2.19] Smaller sizes 
(Dobbie McInnes, Ratio 6:1 1b./sq. in. suitable for 
Limited) Range high - speed 
“ Improved Form, 17.81 3.63 | 15-21 Ib./sq. engines 
Large Size, in. | were made 
Design | 1 in.—40 — — |65.93 2.33] at the same 
No. 1, External | Ib./sq. in. date as this 
Spring.” up to 90 model, and 
Ib./sq. in. with lighter 
21.92 0.78 1 in.-80 —_ — |70.04 2.40) parts and 
1b./sq. in. internal 
up to 180 springs. 
Ib./sq. in. 
1893 Wayne's. (82.82 2.92) Pencil arm Included 1 in.-40 Diameter of | 9.42 0.333] No linkwork 
(Elliott Bros.) Including and screw under piston — in. cylinder + Torque | for parallel 
semi-rotary fastening to Spring Lin., value on motion. 
piston and rotary shaft, in torsion. diameter piston, &c. Semi - ro- 
spring and 9.42 0.333 shaft in tary piston 
rotary shaft on cylinder 4 in. and_hori- 
which both are Area of each zontal shaft 
mounted. of the two directly 
vanes actuating 
on which pencil arm. 
pressure acts 
== (in. x 
} -*% $sq. 
1894—5 Simplec. 26.53 0.94 About 16.77 0.58 | 7 Ib./sq. in. | 0.58q. in. /41.92 1.48] Ratio of 
(Elliot Bros.) 7.00 0.247| Half above above tracing 
Unable to take} weight atmospheric point and 
adrift as parts | carried by | pressure of piston dis- 
riveted framework | 15 lb./sq. in. placements 
together. (bow spring) 4:1. 
Present | Casartelli. a — _— —_ _ — —_ —_ _ —_ — 1,5%/|4 in. area 
| | piston. 
| 1.25%} 4 in. area 
! i piston. 


* Supplied by makers. 
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Fig. 2. WATER COOLED COCK. HALF-SIZE. 
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is cast upon a moving photographic film. A commutator 
on the crankshaft of the engine enables a record to be 
taken at any desired point of the stroke. Only the 
pressure chamber with disc and coil are attached to the 
engine. This part is quite small and can be screwed 
directly into a hole in the cylinder cover. There are two 
things to be noticed about this method. First it is the 
velocity of the disc and not its position that is measured ; 
the velocity is taken as directly proportional to the 
pressure. In the second place it should be noticed that 
Professor Trowbridge discards the familiar pressure- 
volume diagram and employs ordinates upon a time basis 
as shown in the author’s suggestion on the wall diagram. 

There are so many points in favour of this plan that 
increased attention to it may be safely recommended. 

A method of measuring rapid oscillations which is now 
being developed by Mr. H. A. Thomas at the National 
| hysical Laboratory, and for which an Einthofen galvano- 
meter is also employed, has not so far been used for the 
indication of engines, but it might be so employed. 
Mr. Thomas uses a high-frequency oscillating current in a 
coil. If the coil is brought near a metallic body a change 
¢ conditions which can be measured on a galvanometer 
ccurs, 

_A third method depends upon the fact that if a pile 
of hard carbon dises be compressed, their electrical 
resistance falls inversely as the load increases. Clearly 
® pressure indicator practically free from inertia might be 
made with a variable resistance of that kind. 

Conclusion.—Although Osborne Reynolds probably 
exaggerated the inaccuracy of indicator cards, and 
although improvements in the instruments themselves 
have been effected since he wrote, yet a careful survey 
of the whole subject leads to the conclusion that no 
indicators can be relied upon to give results accurate 
enough to justify the use that is sometimes made of the 
cards, One may find in the records of engine tests the 
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Fig. 3. PISTON TWICE FULL-SIZE 


Fig.4 LUBRICATOR. FULL-SIZE. » 
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familiar relationship i.h.p. + b.h.p. taken to 
the first and even second decimal point, even 
when the whole number is a large one. Such 
use of the figures gives an appearance of 
accuracy which is fictitious, and is to be 
deprecated. The author ventures to suggest 
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that just as in making standard mechanical 
parts a tolerance is recognised, so in express- 
ing relationships between factors which have 
to be obtained by fallible instruments it would be more 
honest to state clearly that an error of unknown amount 
exists. In the case of indicated horse-power he would 
make that tolerance something like 5 per cent. for all 
engines running at or over 300 r.p.m. and for all 
indicators. 

The sources of error in the instruments themselves 
have already been briefly indicated. But an error of 
not less importance is that due to the operator. It is 
generally recognised by all who have investigated the 
indicator that the pressure of the pencil or scribe upon 
the paper has a very material effect upon the result. In 
certain conditions it leads to a damping out of spring 
vibrations and an improvement of the card, but in other 
circumstances it may seriously alter the area. When it is 
remembered that even at as low a speed as 300 r.p.m. 
a single card must be taken in one-fifth of a second, 
it will be readily understood that the manipulative skill 
called for is of a high order. The common practice is to 
take the mean area of a number of cards—say ten—but if 
all are taken by the same operator it is not at all impossible 
that the same error will persist in all. 

The assumption which one may find in text-books 
that the errors cancel out, that the enlargement of the 
card caused by pencil pressure, inertia, and oscillation is 
neutralised by the decrease of area that is brought about 
by drum errors, puts scientific measurement on a low 
plane, and is not wholly justified by the facts. It is 





far better, far more honest, to admit that errors do 
exist and to refrain from attempting to draw precise 
deductions from the results. 

In concluding this all too brief paper, the object of 
which is rather to direct attention to the problems 
of the engine indicator than to study those problems, 
the author desires to thank those who have been kind 
enough to help him with information, and particularly 
Mr. H. W Dickinson, of the Science Museum, South 
Kensington, who prepared at his request the interesting 
table which appears on the opposite page. The author 
would like to express a hope that members may see their 
way to add to the admirable collection of indicators pre- 
served at the Science Museum. It is to be regretted that 
no optical indicators are yet included in it. 





A New Form or Opticat INDICATOR. 
By Professor F. W. Burstaut, of the Univeristy of 
Birmingham (Member). 

Tur optical indicator, Fig. 1, above, which will be 
described, was developed primarily for the purpose of 
research work connected with a medium pa high- 
compression gas engine, and to serve general purposes 
in the laboratory where internal-combustion engine 
experimenting is being carried out. A fairly wide 
experience of various types of optical indicators led the 
author to the conclusion that, on the whole, a piston 
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indicator offered the most likely opportunity for accurate 
results. It was considered essential that the instrument 
should be self-contained and reasonably portable. 

Certain fundamental conditions were laid down as 
being essential. They were, firstly, that, as far as possible, 
all ‘the fits should be of a geometric type so that their 
accuracy would not depend upon the workmanship ; 
secondly, that the indicator ould be water-cooled ; 
thirdly, that in the course of working the lubrication 
of the piston should be effected with the piston in posi- 
tion; and fourthly, that the material of the entire 
indicator should be metallic, as the use of a wooden 
photographic camera has, in the author’s experience, 
led to most serious.drawbacks caused by the splitting 
of the wood in exposed positions and consequent light 
leakage, affecting the plates. 

To fix the spring geometrically a beam enrastré at one 
end was used, the piston being attached to this spring 
by @ spherical ball forming part of the spring. This 
ball rests in a conical seat in the end of the piston rod 
itself, and is fixed in position by a screwed cap in the 
piston rod; this sphere joint and cone allow freedom of 
movement without loss of motion. 

As one of the greatest troubles in internal-combustion 
engine indicators is caused by the high temperature, it is 
imperatively necessary to water-cool the indicator cock 
completely, and in this case not only is the body of the 
cock water-cooled, but the hardened steel plug also 
forms part of the water circulation. Experience in 
the use of these water-cooled cocks has been highly 
satisfactory ; it is found that they do not leak with 
wear, as the plug is hardened and ground to fit in the body 
and there is no tendency for the plug to stick after 
prolonged use. It is found that the use of a cock on an 
indicator of this description is not absolutely necessary 
as, in more than one instance, due to omission, the 
indicator cock was left open for more than 1 hour without 
any injury to the piston or the spring. The shortening 
of this passage is in some cases most desirable, as there 
is a tendency for a fall of pressure to take place between 
the working cylinder and the indicator piston, in spite of 
the fact that the pipe is % in. diameter. It was con- 
sidered important that there should be very little change 
of section between the working cylinder and the indicator 
piston. 

The details of the construction of the water-cooled cock 
are shown in Fig. 2. In the earlier models of the instru- 
ment the cock and the instrument were separate, but it 
has been found desirable for reasons of economy of manu- 
facture to combine the indicator body and the cock 
in one piece of steel ; this has the advantage of shortening 
the pipe and making the whole instrument more compact. 
The steel plug-piece is bolted to the aluminium frame of 
the camera itself, and this forms a convenient water- 
cooled space for cooling the working cylinder. The 
working cylinder itself is of hardened steel, ground 
accurately to the size of 4 sq. in. (0-3885 in.). In order 
to conduct the oil to the piston, three fine holes drilled 
through at the top of the angle and a small space left 
between the aluminium casing and the steel body form 
an oil passage from an oil pump. 

The indicator as originally Tecignes was intended for 
quite moderate speeds up to 700 r.p.m. or 800 r.p.m., 
but the author was persuaded by many friends in the 
motor industry to endeavour to adapt the instrument for 
speeds up to 2,000 r.p.m., and this caused particular 
attention to be given to the spring and piston. 

The indicator has to satisfy several onerous conditions, 
the clearance between the piston and the barrel must 
he sufficiently close to prevent a fall of pressure on the 
two sides of the piston, at the same time the friction must 
be reduced to an extremely small quantity, as this indi- 
cator was designed for a pressure of 600 lb. per square 
inch; the actual pressure on the indicator piston is 
75 Ib., and this has to be transmitted to the measuring 
spring, and in the case of high speeds of rotation the forces 
due to inertia are very considerable. It follows that 
the os rod and connections must be made to the very 
smallest possible scantling, Fig. 3. 

The piston rod adopted is that of a hollow-rod type, 
and the entire piston rod and top connection is cut 
out of one solid piece of tool steel hardened and tempered. 
The total motion of the piston, which is about 0-08 in., 
and the fact that the upper ball moves in a circle, necessi- 
tate a slight barrelling of the piston to prevent stickage ; 
this barrelling amovnts to about 0-0002 in. 

A small pump is used for the purpose of supplying oil 
under pressure to the piston ; this pump is actuated by 
hand, and delivers oil through the casing to a space 
immediately on the top of the cylinder liner, and from 
here the oil is carried from three small holes directly on 
to the indicator piston, Fig. 4. 

The oil cup from which the pump obtains its supply 
of oil is mounted on a universal joint, so that, whatever 
may be the position of the indicator while working, the oil 
cup is vertical and will retain the oil. 

One of the most serious difficulties in constructing 
this indicator was in attaching the mirror to the spring 
in @ manner which would add very little to the weight. 
It would seem at first as though this was an extremely 
simple operation, and therefore attachments of sheet 
steel and of aluminium were tried, but in all cases had 
to be abandoned owing to the fact that no fastening 
could be found in which there was not a certain amount 
of lost motion ; and again, the mirror-holder itself was 
liable to oscillate as a spring about one end of the 
indicator spring, leading to inaccuracies in the calibra- 
tion. 

The spring finally adopted is cut out of one piece of 
tool-steel, the nabeenbalite being formed at one end 
and made conical to diminish the liability to oscillate. 
The spring is of uniform thickness but a varying width, 
80 as to form a beam as nearly as possible of equal 
strength, Fig. 5. 

A point of importance in the use of this instrument 
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was found to result from tne great difficulty of ensuring 
that the ball forming the connection between the piston 
and the spring should lie immediately on the axis of 
the indicator cylinder ; this was finally overcome by using 
a piston setting plug, which is shown in Fig. 6. This 
consists of a slotted plug, Fig. 7, which pushes into a 
fitting placed immediately above and concentric with the 
indicator body. The inside of the setting plug is ground 
and is the exact fit on the ball, the difference in the 
diameters being about 0-0003 in.; this, of course, 
ensures that the ball is exactly over the centre when the 
setting plug is in position. The holding-down bolt on 
the flat end of the spring is then fixed, the setting plug 
can now be removed with a certainty that the ball is 
accurately aligned, and the fitting forms a convenient 
method for inserting another plug which limits the 
motion of the spring itself. 

The method of illumination, which offers but little 
difficulty in slow speeds, becomes a matter of no small 
moment as the speed is increased. The ordinary incan- 
descent lamp is not sufficiently intense, and the arc 
lamp troublesome except under laboratory conditions. 
The source of light adopted is the Pointolite lamp, in 
which the illumination is used by means of an incan- 
descent metallic ball, and this has proved extremely 
satisfactory provided the outside of the glass globe is 
abundantly ventilated with cool air ; the lamp is moun 
upon a bracket which allows it to be set in any position, 
@ matter of some convenience when diagrams are cg iar 
in very awkward positions, Fig. 8. Immediately facing 
the source of light is the diaphragm, which allows a 
single pencil of light to pass through the optical system 
to the mirror, Fig. 9. The construction of this dia- 


ted | attached to the reducing 
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phragm, which involves a hole with regular edges smaller 
than 0-002 in. diameter, was not easy to obtain by @ 
drilling method. The construction adopted was to form 
a square hole by means of steel plates having polished 
edges, the one pair lying at right angles to and above 
the other pair. These are adjusted under the microscope 
to the required width ; the size of the diaphragm can 
be varied, and can be cleaned if it should become stopped 
up. In the case of a circular hole, to remove dirt by 
means of a fine needle is a proceeding which is certain 
to result in the destruction of the regularity of the 
aperture. : 

The optical system which is intended for focussing 
the beam on the screen of the camera throws a wide 
area of light on to the first mirror, the dimensions of which 
are 3 in. by § in. long ; a large mirror has to be employed, 
because at this point the light has a considerable area. 
The light is then reflected on to the second mirror, which 
is driven through a small angle from the engine piston 
or other mechanism. 

A bearing consisting of an adjustable cone was first 
employed, but this seemed to lose its shape with the very 
rapid small alternations, and hence it has been replaced 
by a double ball-bearing, shown in Fig. 10, which so 
far has proved extremely satisfactory. Attached to the 
oscillating shaft is an aluminium quadrant, which is 
from the engine piston ; 
the total amount of motion at the end of the quadrant 
is somewhat less than } in., and with the high speeds of 
rotation it is absolutely essential that the connecting 
mechanism to the piston shall be entirely free from lost 
motion or back-lash. This is effected by the use of 
steel wire where possible, and in the case of having t° 
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DIAGRAMS , TAKEN 





Fic. 14. Gas ENGINE. 







(a) 1,000 R.P.M. 





(b) 1,500 R.P.M. 


Fic. 16 (@ AND 6). Prtrot ENGine. Sprine 
358 Lz. Prertopic Tive 1/1,700. 


pass over a pulley a Bowden wire is used, the whole 
system being controlled by strong spiral springs, Fig. 11. 
With high-speed indicating, the piston-driving mech- 
anism requires to be very carefully arranged to prevent 
oscillation and lost motion. The mirror connected with 
the oscillating shaft is capable of adjustment, so as to 
locate the diagram in any convenient position on the 
photographic plate. 

It will be noticed that what may be termed the camera 
itself is cut in two pieces separated by an optically 
worked glass window. The necessity for this is due to 
the fact that oil in a very finely divided state is blown 
into the camera, thus causing extremely dirty diagrams 
to be obtained, but the window shuts off the fumes 
entirely from the neighbourhood of the sensitive plates, 
and there is no difficulty in getting extremely sharp 
lines even when the window is covered with oil. The 
camera is made accessible by taking away one side 
when the instrument is not in use, this side being attached 
by screws when diagrams are being taken. In the earlier 
models the camera was split, but this was found to be a 
somewhat difficult manufacturing operation, and it has 
therefore given place to the existing arrangement which 
would appear to be at least as convenient. As the instru- 
ment is subject to a very considerable amount of oscilla- 
tion, it has been found necessary to have locking devices 
on the screws, and this has been carried out in the 
camera case and other positions. 

An interesting point in internal-combustion engines is 
to study the suction and exhaust strokes. For this 
purpose a spring having a scale of 21-6 Ib. per inch is 
used, having a periodic time of 7$z second; any spring 
lighter than this oscillates so that it is possible to separate 
the actual oscillations of the spring from the oscillations 
of the air in the passage itself, which can readily be done 
with a 30-lb, spring which has a known periodic time. 
The motion of this spring is limited by putting in a 
plug against which the piston impinges after a certain 
pressure is reached. Suction diagrams are given in 
Fig. 13* and Fig. 17. 

Calibration of Indicator Spring—The deadweight 
method is employed to calibrate the spring; the indi- 
cator is secured in an inverted position, as shown in 
Fig. 12, and the weights are applied by a scale-pan 
arranged so that the axis of the load passes through 
the centre of the ball of the spring. After each incre- 
ment of load has been applied, the stroke mirror is 
moved by hand and the position of the spot photo- 
graphed. The rate of the spring can then be accurately 
ermine by measurement from the photographic 
record, 

The object of the author was to design an instrument 
which, while adopted for the highest class of accurate 
observation required in scientific research, yet should 
be at the same time sufficiently portable and simple for 
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* We do not reproduce this figure —Ep. E. 


WITH THE BURSTALL OPTICAL INDICATOR. 


(a) R.P.M. 1,600. 


(6) R.P.M. 1,700. 








(d) Ligut Sprine. R.P.M. 1,500. Serine 21-6 Ls. 
PetTRoL ENGINE DIAGRAMS. 


Fia. 17 (a, b,¢ AND d). 


use in the regular routine of testing purposes ~by Zan 
engine builder, and for this reason the instrument has 
been employed upon all possible types of internal- 
combustion engines. 

The diagrams, Figs. 13 to 17 (not all reproduced — 
Ep. E.), have been taken from a Premier gas-engine of 
100 h.p., a Crosskey gas-engine of 20 h.p., a 10 h.p. Diesel 
engine, and a 20 h.p. petrol engine, and the instrument 
has been regularly used by undergraduate students dur- 
ing the course of their ordinary engine testing work, and 
it is therefore fairly certain that it is adapted for general 
engineering purposes. 


Micro-InpIcaToR FoR HIGH-SPEED ENGINES. 
By W. G. Cottrys, of Cambridge. 


Txis instrument is of the cylinder and piston type, 
the principal novel feature of which is the production 
of small-scale diagrams on transparent celluloid. It 
has been found that, when acted upon by the recording 
stylus, this material is readily susceptible to slight 
plastic deformation, and that with a stylus of suitable 
formation the line produced has such optical charac- 
teristics as to render any point on an enlarged image 
of the diagram readable to a high order of accuracy.* The 
diagrammatic drawing, Fig. 18, page 124, shows the con- 
struction of the micro-indicator, where A is the cylinder 
liner of hard stainless steel, working in which is the 
piston B. This liner is readily removable and may be 





* A micro-indicator, using smoked glass as the recording 
medium, has been designed by Dr. O. Mader, of Aachen, 
and described by him in Dinglers Polytechnisches Journal, 
Part 27-31, Vol. ceexxvii, 1912. 








Fic. 15. Dreset ENGINE. 
Periopic Time 1/1,200. 
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replaced by liners of smaller area, thus rendering the 
instrument suitable for extra high pressures. The 
piston rod C, which is formed solid with the piston, is 
kept in firm contact with the pressure spring E by means 
of the subsidiary spring D, the spring E being bolted 
firmly to the rigid frame V. Attached to the pressure 
spring is a light arm F carrying the recording stylus G. 

his stylus produces records near the edge of the celluloid 
disc H, which is carried on, and bent to conform with, 
the surface of the segment of a cylinder M, and is held 
in position by means of clips and a pin passing through 
its centre, the cylinder M being given a reciprocating 
motion about its axis through the light steel tape T, 
passing over the adjustable guide-pulley N, the other 
end of this tape being connected to a crank, or other 
suitable mechanism driven at engine speed, which will 
give the periphery of the drum M a travel of about 
3 mm. The lower screwed portion U is intended to 
connect directly to the cylinder of the engine under test. 
These are the essential parts of the indicator, and the 
action of forming a micro-diagram will be perfectly 
clear. 

There are, however, @ number of adjuncts which add 
greatly to the convenience of its use, the principal piece 
of accessory apparatus being an automatic switch, 
Fig. 19, the purpose of which is to control the recording 
stylus so that it only remains in contact with the recording 
surface for one complete engine cycle. This switch 
carries an axle 2, on which is formed a worm, the axle 
being driven by means of a light round belt from any 
convenient portion of the engine, such as the fan or 
dynamo pulley, and should run at approximately engine 
speed. The actions of the switch and indicator are as 
follows :— 

m depressing the Bowden wire control push W, 
the celluloid disc H is rotated one-tenth revolution, 
thus bringing a fresh recording surface into position, 
at the same time it closes a circuit by means of the 
key X, through the electro-magnet 3, in the automatic 
switch. This magnet actuates a simple form of escape- 
ment 4, which allows the spring-controlled pivoted arm 5 
to come into such a position that when pressure on the 
knob of the Bowden wire is released, and the magnet 3 
is demagnetised, a pin on the arm 5 engages!with the worm 
drawing the arm over, the action of which is to operate 
the key 6 which closes the circuit through the electro- 
magnet Y, Fig. 18, on the indicator, thus attracting the 
armature K and bringing the stylus G against the face 
of the celluloid disc H, the stylus being held in position 
for one cycle only, the arm 5 having been carried along 
by the worm until the key 6 re-opens, after which the 
arm returns to its original position. The milled head 
screw 7 is for the purpose of adjusting the time of closure 
of the key 6, and this allows the worm axle to be driven 
at speeds greater or less than engine speed, and the 
screw Z serves to adjust the travel of the stylus and its 
pressure on the record disc. 

Fig. 20 is a photograph of the complete indicator, and 
Fig. 21 shows it applied to a 9-5-h.p. Standard engine. 
Fig. 22 shows the enclosed automatic switch and 
method of driving. It will be noted that the indicator 
is clipped on to a sparking plug, which has a hole in 
its side, this hole communicating with both engine and 
indicator cylinders. This method of fixing forms a 
convenient and simple means of connection with the 
combustion chamber of the engine. The light steel 
tape which conveys reciprocating motion to the recording 
dise carrier is connected to a crank of about 3 mm. 
throw, the shaft of which is driven by a gear-wheel 
mounted on the magneto-drive shaft. This method 
of drive was adopted principally on account of the 
facility it afforded for fixing and removal. In works or 
laboratory practice an even simpler drive is generally 
possible. This photograph also gives an indication of 
the small size of the indicator, which renders it usable 
on almost all types of engine. The diagrams, Figs. 
23 and 24, were taken on the 9-5-h.p. Standard engine 
whilst running on the road. 

The pressure-recording system is extremely simple, 
consisting of a flat pressure spring of rectangular section, 
tapering towards the end at which the pressure is applied ; 
this form also permits of the standardisation of each 
spring to give a definite deflection for a given pressure. 
As the piston rod is formed solid with the piston, there 
is only one joint in the pressure-recording mechanism, 
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MICRO-INDICATOR FOR HIGH-SPEED ENGINES. 


Fug.48. DIAGRAMMATIC DRAWING OF MICRO-/ND/CATOR (COLLINS). 


Fig. 


19. AUTOMATIC SWITCH. 
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Fie. 21. Micro-Inpicator APPLIED 
To A 9°5-H.P. StTanDARD ENGINE. 








Fie. 22. ENncLosep AUTOMATIC 
SwitcH AND METHOD OF DRIVING. 














INDICATOR DIAGRAMS TAKEN ON THE 9-5-H.P. STANDARD ENGINE 
wHtItst RUNNING ON THE ROAD. 


Fie. 23. Roap Sprep 20 M.P.H. 
1,200 R.P.M. Maximum PRESSURE 
270 Lz. PER Sq. INcH. 


and as this joint is maintained in firm contact with the 
—— spring, any possible tendency to develop back- 
ash is eliminated. The movement about this point, 
moreover, is exceedingly small. The cylinder and piston 
are formed of hard stainless steel, and are therefore 
much less liable to wear than those made of bronze. An 
indicator has been applied to a motor-car engine and left 
working continuously for about 600 miles, equivalent to 
more than a million impulses, but no perceptible wear 
has taken place on either piston or cylinder. The mean 
travel of the piston is about 0-8 mm., and records are 


Mricro-INDICATOR FOR HigH-SPEED ENGINES. 


Fig. 24. Roap Sreep 15 M.P.H. 
900 R.P.M. 
330 Ls. PER Sq. INCH. 

















made with great facility. | 
A set of 10 records may 
be obtained in as many 
seconds, and such records 
are instantly available for 
inspection or measure- 
ment. These are permanent 
Maxmmum PressuRE i” character, may be 

handled with impunity, 
and are unaffected by oil 
or water. No photography 
is necessary, as by means of a specially designed 
microscope fitted with a graticule, not only can the 
diagrams be examined, but pressures read and the 
M.E.P. calculated. Should enlarged records be required 
they may be obtained by a camera lucida, by projection 
on a screen and tracing, or by photographically enlarging. 
Examples of enlargements produced by the last method 
are reproduced in Figs. 23 and 24. The microscope, 
Fig. 25, is light and portable, and is arranged with a 
swinging arm to carry the disc of records, which permits 





any one of them to be brought into the field of the micro- 


Fic. 25. MIcROSCOPE. 

scope. The screw A is for the purpose of bringing 
the base of the diagram into coincidence with the zero 
line of the graticule ; the appearance, as viewed through 
the microscope, is then as shown in Fig. 26. 

Figs. 27 and 28 are diagrams taken with Crosby and 
Micro-indicator. 

The question has been raised as to the effect of road 
vibrations on the correctness of diagrams obtained on 
a car due to possible deflections of the indicator spring. 
It may be well, therefore, to point out that, as for most 
purposes the area of the indicator piston is 0-25 sq. In 
and a pressure of 0-5 Ib. is required to deflect the 500 Ib. 
spring 0-01 mm., and the total weight of the moving 
system but a few grammes, no externally applied vertica 
acceleration which is likely. to occur in practice can 
deflect the spring by a measurable amount. The effect 
of the friction of the stylus on the celluloid dise may also 
be considered as a possible source of error. That the 
amount of friction from this is very small is well shown 
in Fig. 29, in which a 500-lb. indicator spring with its 
piston was set in vibration with its stylus in contact 


with the celluloid recording surface, thus*giving a record 
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of not only its free period, but also that of the combined 
air and frictional damping. The superimposed curve 


of larger amplitude is that of an electrically-maintained 
tuning fork, of 100 double vibrations per second impressed 
on the recording surface at the same time. ad the 
friction been anything appreciable the damping would, 
of course, have been much more rapid. It will also 
be seen from this record that the free period is, approxi- 
mately, roo per second. Further tests on this point 
have been made, and it has been found that only 1-5 
grammes are required to move the stylus from rest, 
and only 0-6 gramme when there is relative movement 
between the stylus and the recording surface.™ There is 
still another point to which exception might be taken, 
and that is, that the pressure tracing is curvilinear ; 


Fig. 26.DIAGRAM AS VIEWED THROUGH THE MICROSCOPE 
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Fig. 27. 
TAKEN FROM GAS-ENGINE, IZ20 RPM. 
WITH CROSBY INDICATOR. 














Fig. 28 
TAKEN FROM GAS-ENGINE J20 RPM. 
WITH MICRO-INDICATOR 
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Fie. 29. Rxecorp or Free Periop or 500-Ls. 
SPRING AND 100-DV Tuntne-Fork. 


the departure from true rectilinearity, however, amounts 
to only 0-08 mm. at 400 Ib. per square inch, and as the 
amount of this error is readily determined and can be 
allowed for if necessary, it is not considered to be of great 
importance, 

With regard to the field of application, it is believed 
that diagrams may be readily taken from aircraft engines 
during flight, and therefore under conditions which are 
almost Impossible of attainment on the test bench, 
such as low atmospheric pressure and temperature, 
Its application to motor-car engines under running 
conditions has already been mentioned. 

E> It is believed also that on account of its simplicity, 
: he waterproof qualities of the recording medium, and 
; @ ability to e diagrams from a distance, it would 
© useful to the locomotive engineer, as the diagrams 
may be obtained by pressing a button in the cab, thus 
avoiding the somewhat hazardous processes connected 
= the use of most other forms of indicator. 

C hanks are due to the Cambridge and Paul Instrument 
he een: for the facilities they have given the author for 
ne development of the apparatus described, and to 
a V. J. Stallan, who is principally responsible for the 
esign of the automatic switch. 


ComBUSTION ENGINES, AND GAUGE FOR 


PRESSURES. 

By Harry Woop, Engine Research Section, R.A.E., 
Associate Member, presented by W. SypNEy Smita, 
C.B., O.B.E., Superintendent, R.A.E., Farnborough. 
Tue Royal Aircraft Establishment Electrical Indicator 


cylinder pressures are not recorded directly, but the 
time is noted at which the pressure in the cylinder just 
“balances”? some standard pressure. By gradually 
increasing this standard pressure, a set of time records 
is obtained which comprises the whole range of engine 
pressures, although each pair of records belongs to a 
different engine cycle. In the R.A.E. indicator a com- 
plete pressure record on a time basis can be taken in less 
than 10 seconds. With engine revolutions at 1,500 
r.p.m. this corresponds to 125 engine cycles. It should 


Fig.30. PRESSURE SCALE 
526 LBS. PER SQ.IN.-11N. 
AUSTRO-DAIMLER 6 CYLINDER 
WATER-COOLED ENGINE. 









80m Bore. 180m.Stroke 
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is of the “ balanced” type; that is to say the varying 
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R.A.E. Execrricat Inpicator ror Higu-Spgep INTerwat- | ean on the drum. The whole action may now be 
Maximum | foll 


owed. Consider what happens for a few cycles. 
Air pressure is admitted to the indicator cylinder and to 
the balanced valve, It has reached, already, let us say, 
50 Ib. per square inch, and the sparking-point is opposite 
that position on the drum. As soon as the compression 
pressure amounts to 50 Ib., the valve is driven off its seat 
@ spark occurs, and the paper on the drum is punctured. 
The pressure in the engine cylinder continues to rise and 
then falls. At the instant it descends to 50 lb. the valve 
is driven on to the seat again by the air pressure, and 
another spark passes. But since in the interval the drum 
has made a portion of a revolution, the paper is punctured 
ata different place. On the next revolution of the drum 
the air pressure has risen to, say, 60 lb. The sparking- 
point is opposite to the corresponding portion of the 
drum, and two dots are obtained as before, one made as 
the pressure rises in the engine cylinder to 60 lb., and the 
other as it falls again to that figure. And so on for each 
compression and expansion stroke. One point on each 
is obtained for each revolution of the drum, and a 
diagram as shown in Fig. 30 is obtained and is readily 
reduced to the familiar form shown in Fig. 31. 
Description of Indicator.—The balance valve is shown 
| in Fig. 32. It consists of a light disc, A, floating between 
| two faces and guided by a spindle electrically insulated 
| from the rest of the body. One side of the dise is con- 





Fug. 32. BALANCE VALVE. 
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Fig. 33. DIAGRAMMATIC SKETCH OF R.A.E. INDICATOR ON ENGINE. 
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be noted that in general there will be two points of 
balance in each cycle for any given pressure, one during 
the compression and explosion stroke when the’ pressure 
is rising and one during the expansion stroke when it is 
falling. The time interval between these two pressures 
will be the shorter the nearer maximum pressure is 
reached, i.e., the nearer we approach the “ gow ” of the 
diagram. In order to obtain a record of the expansion 
pressures near the “‘ peak,” the recording device has to be 
very quick acting. 

In the R.A.E. Indicator, the balance point is obtained 
by the engine pressure just lifting a small valve loaded 
with a known air pressure. The moment of lift is recorded 
by the breaking of an electric circuit, of which the valve 
forms part. The breaking of the circuit causes a spark, 
which perforates a sheet of paper on a rotating drum 
running at half-engine speed. The sparking-point moves 
relatively slowly from one end of the drum to the other. 
In the example quoted, the drum makes 125 revolutions 
whilst the sparking-point moves once across its face. 
The sparking-point is attached to a piston in the indicator 
cylinder which is driven forward by air pressure against 
the resistance of springs. If it were replaced by a pencil, 
.@ helix of 125 turns, every point on which would corre- 
gpond to a different pressure, would be drawn upon the 
paper. Now the balancing pressure on the valve already 


| mentioned is the same as the pressure in the indicating 
cylinder, for both are coupled to the same air supply. 


Hence the instant at which sparking occurs will always 
coincide with a definite position of the sparking point, 
and since the rotations of the drum correspond with those 





of the engine, the sparking will take place at fixed 





HighPressure Air Boftle 





nected through a tapered cock B, to the combustion 
space of the engine, and the other side of the disc to a 
source of high pressure air C. ‘The spindle guiding the 
disc is connected to the primary circuit of a coil, and 
the two faces between which it floats form the earth 
of this circuit. Consequently, the disc acts as a contact 
breaker for this electrical circuit. The range of the 
movement of the disc is limited to about 0-03 of an inch. 

The recording mechanism is shown in Fig. 33. Here A 
is the indicator drum and B the indicator cylinder. The 
drum is 12 in. in circumference and 94 in. long; it is 
driven through a positive clutch with one dog only, in 
order that its phase in relation to the crankshaft may be 
invariable. It is normally at rest, the drive being taken 
on an idle shaft, which is engaged first by a cone clutch, 
which, when the drum is rotating at the same speed as the 
idle shaft, is disengaged and the positive clutch brought 
into engagement. Paper is wrapped round the drum 
and is secured by inserting the ends through a slot into 
a space between two sectors of a small shaft running the 
length of the drum. One of these sectors can be rotated 
to tighten the paper on the drum and jamb the two ends 
of the paper between the faces of the sectors. The out- 
side end of the indicator piston carries a light link con- 
nected with a parallel multiplying motion, the last link of 
which terminates in a spark-point guided so that it moves 

arallel to the axis of the drum and at a constant distance 
rom its surface (see Fig. 33). The other extremity 
of the link carrying the sparking-point is constrained 
to move in a straight line, perpendicular to the axis of 
the drum; its guide is connected with the high tension 





terminal of an induction coil in such a manner that the 
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link is at high potential throughout its length, the re- 
mainder of the linkage being insulated from it. e 
guide at the spark-point end of the link is also insulated 
from the remainder of the instrument. The movement 
of the spark-point is 7-8 times that of the piston. A 
combination of four springs is used to control the move- 
ment of the piston—two main tension springs and two 
light back-to-back compression springs concentric with 
the cylinder, For taking a complete diagram all four 
springs are used, but for a light spring diagram the two 
main springs are disconnected, the sparking-point then 
taking up a new zero position about half-way down the 
drum and enabling suction pressures as well as positive 
pressures up to about 20 Ib. per square inch to be 
recorded. 

The drum shaft is driven usually at half crank-shaft 
speed by a chain and suitable sprocket wheels. Con- 
siderable care is taken to eliminate backlash by fitting a 
jockey pulley to the chain and a brake on the drum shaft, 
the latter being engaged while taking the record. The 
diagram is synchronised by throwing the drum into 
engagement with the brake on and slowly turning the 
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employed. One gauge, reading to 750 Ib. per square 
inch, is used for explosion pressures, and the other 
reading to 200 lb. per square inch, is used for compression 
pressures. Each gauge is modified in such a manner that 
its pointer forms the earth of a high tension electrical 
circuit, its extremity being separated by a short air gap 
from a brass bevelled ring, which is insulated from the 
remainder of the gauge and is connected with the high 
tension terminal of an induction coil. Consequently, the 
air gap between the extremity of the pointer and the 
bevelled ring acts as a spark gap when the primary circuit 
of the coil (which includes the indicating mechanism) 
is broken. This air gap lies directly over the pressure 
numbers of the gauge face. The high-tension current 
is conducted to the gauges through a change-over switch 
and a change-over cock supplies the high pressure air 
to whichever gauge is being used. With a suitable gauge, 
the same principle may be applied to the measurement 
| of the minimum pressure of a cyclic pressure change. 
| The complete apparatus is shown by Fig. 34 below. 

| Applications.—Both instruments will cover the range 
| of measurements referred to below, although the indicator 




















Fie. 34. ExrorricaL INDICATOR. 


engine until the piston of the cylinder being recorded is on 
its top centre of the compression stroke. A line is then 
scribed on the drum immediately opposite the spark-point 
and this line is transferred to the paper on which the 
diagram has been obtained. The success of this purely 
mechanical method of synchronisation depends wholly 
on the supposition that there is no lag in the action of 
the dise valve or in the electrical system. The fact that 
the diagrams so obtained always give mechanical 
efficiencies agreeing with those obtained by different 


methods suggests that the supposition of no lag is| 


justifiable and that this method of synchronising is 
sufficient. The initial t.ming, however, must be right, 
and if working for any length of time on one engine should 
be frequently checked. This exactness applies, of course, 
to any type of indicator, but becomes more important 
with higher speeds. 

Auxiliary Apparatus.—Besides the indicating and 
recording instruments, there is required (a) a supply of 
air at a pressure higher than that to be measured ; also 
(6) a source of reduced pressure for recording pressures 
below atmospheric ; (c) a distribution box for the various 
connections and also carrying regulating and release 
valves; (d) a high tension coil with switch, condenser, 
and batteries. 

Description of Maximum Explosion and Compression 
Pressure Gauges.—The indicating mechanism is the same 
as that described above. Instead, however, of using the 
recording apparatus mentioned, two Bourdon gauges are 


gives all the information which the maximum pressure 
gauges can give :— 

(a) Measurements of average maximum and extreme 
maximum pressures occurring in any cycle, also pressures 
caused by preignition or detonation. 

(6) Accurate measurements of indicated horse-power 
and cylinder pumping losses. 

(c) Production of air cards as well as explosion pressure 
cards. 

(d@) Diagrams of suction and exhaust strokes. 

(e) Diagrams of cyclic change of pressure in the inlet 
| and exhaust pipes. 
| Generally the apparatus is capable of measuring any 
| cyclic change of pressure from 4 Ib. to 1,000 lb. per square 
inch absolute, at any speed likely to be met with in 
| practice, and with considerable sensitivity. 

Measurements Made.—Both instruments have been 
in use and the table in the next column gives a list of 
| some maximum pressures which have been measured by 
| the maximum explosion and compression gauges. 

The indicator shown in Fig. 34 is the experimental 
| instrument which has been in use for eighteen months 
| and with which nearly 3,000 diagrams have been taken 
| at speeds varying from 600 r.p.m. to 2,500 r.p.m. As an 
| indication of its robustness, it may be mentioned that 
|it was fitted for six months to an engine undergoing 
| development tests, and upwards of 1,500 diagrams were 
| taken (chiefly at speeds from 1,000 r.p.m. to 1,200 r.p.m.) ; 





| 








during the whole time no adjustments were made to the 


recording mechanism, and only an occasional periodic 
light grinding given to the contact disc-valve. 

As a result of the experience gained with this instru- 
ment, six new indicators have been made which, although 
retaining the essential features of the original indicator, 
are much more compact and have all the auxiliary 
apparatus, batteries and coil enclosed in the casting 
carrying the recording drum, indicating cylinder and 
link work. 
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S Fa] Gauge). ae 
Engine. ES a <_ ni 2% 2 
a3 : oo Bs 
e" a ° Maxi 5 ae 
8 g Average.| num.| © fi 
Dragonfly ..| 4.4] 1,650 30 330 —_ 86 
Siddeley Lynx | 5.0] 1,700} — 390 _ 112 
Benz .. --| 5.0] 1,400 15 375 — 110 
Benz 5.0 | 1,400 28 460 _— 110 
Falcon 5.15) 2,200 28 _ _ _ 
Liberty 5.3 1,650 27 500 760 120 
Maybach 5.78] 1,400 | 33.5 435 630 137 
Maybach 5. 1,600-| 33.5 400 600 135 
Maybach 5.78) 1,800 | 33.5 385 620 | 132.5 
Maybach 5.78) 2,000 | 33.5 |350-430 | 630 130 
Benz .. ..| 6.0] 1,700 25 510 800 | 145 
Monocylinder, | 10.37} 1,650 16 |580-840*; 950; 245 
Alcohol in- 380-420f 
jection 








* Refers to maximum power conditions. 
t Refers to weak mixture. 

In connection with this indicator it is desired to 
acknowledge the work of the late Squadron Leader G. H. 
Norman, R.A.F. (associate member). Three years ago 
experiments were initiated by him at the Royal Aircraft 
Establishment to evolve an indicator which would record 
diagrams remote from the engine with entire satisfaction 
at high speeds, either on the bench or in the air. The 
subsequent investigation and development of these 
proposals was carried out by the author of this paper. 





CATALOGUES. 

Electric Lamps.—A list of factory, house and motor-car 
lamps, stating candle powers and prices, is to hand from 
the London Factors and Agents, Limited, 38, Parliament- 
street, S.W.1. 

Marine Oil Engines.—An exhaustive account of the 
Kromhout marine oil engines, in a booklet of 90 pages, 
is to hand from Messrs. Perman and Co., Limited, 82, 
Fenchurch-street, London, E.C.3. 


Fans.—Electrically-driven ceiling fans with aluminium 
blades, and capable of working without any noise, are made 
by Messrs. Crompton and Co., Limited, Chelmsford, who 
send us a catalogue giving specifications and prices. 


Mechanical Stoker.—A further catalogue from Messrs. 
Ed. Bennis and Co., Limited, Little Hulton, Bolton, 
deals with mechanical stokers and conveyors for burning 
refuse coal at the pit-head in steam boiler furnaces. 


Mechanical Stoker—The multiple retort underfeed 
stoker has certain advantages, with some classes of 
fuel. These are set forth with adequate illustrations 
in a catalogue issued by the Underfeed Stoker Company, 
Limited, South-place, London, E.C.2. 


Electric Starters and Control Gear.—A _ catalogue 
describing their automatic starters and controllers for 
adjustable speed motors, ranging from 1} h.p. to 200 h.p., 
is to hand from the Westinghouse Electric and Manu- 
facturing Company, East Pittsburg, U.S.A. 


Distant Reading Thermometers.—A catalogue of distant 
reading thermometers of the mercury-in-steel type and 
arranged for indicating, or for indicating and recording 
simultaneously, is to hand from Messrs. Negretti and 
Zambra, 38, Holborn Viaduct, London. Many forms 
for various industrial applications are illustrated, and 
prices are stated. 


Air Compressors.—An excellent descriptive catalogue 
of air compressors and vacuum pumps, including portable 
sets driven by electric, petrol or paraffin motors, has 
come from the Globe Pneumatic Engineering Company, 
Limited, 1, Victoria-street, London, S.W.1. Self-propelled 
sets and sets with chain-track tractors have recently been 
completed for export. 


Electro-Medical Apparatus.—A catalogue of a medical 
lamp for therapeutic treatment by ultra-violet radiations, 
issued by Messrs. Watson and Sons, Limited, Parker- 
street, Kingsway, London, W.C., contains an interesting 
illustrated account of the history, construction and 
operation of the lamp, together with a list of lamps 
and accessories ; prices are also stated. 


Steam Engines.—A catalogue of 48 quarto pages 
describes the fixed horizontal engines with drop valves 
made by Messrs. Marshall, Sons and Co., Limited, 
Gainsborough. The various types and all the principal 
component parts are fully illustrated with specifications 
and five tables of dimensions, powers, &c., for single- 
cylinder, cross-compound and tandem-compound engines, 
both condensing and non-condensing, are included. The 
engines range from 15 h.p. to over 900 h.p. 


Miscellaneous} Plant.—Three} catalogues of heavy 
machines used in cold rolling, tube drawing, forging, 
corrugating sheet metal, preparing sheets, bending plates, 
rubber tyre manufacture, &c., are to hand from Messrs. 
Fisher, Humphries and Co., Limited, Pershore, Birming- 
ham. The catalogues also include particulars of elevators 
conveyors, hydraulic pumps, tyre presses, & portable 
threshing machine, a fruit pulping machine, and a eyder 
press with two vertical screws and worm-operated nuts. 
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RECORD. 


SELEOTED ABSTRACTS OF REGENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 

pages eit where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 


the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Speci, ion is, in each case, given a the abstract, unless the 
Patent has been sealed, when the “* Sealed” is a rey 

Any person may, at any time within two months from the e 

he adverti t of ti of a Complete Specification, 

give notice at the Patent Office oo to the grant of a 

Patent on any of the grounds ment in the Acts. 


ELECTRICAL APPARATUS. 


186,454. J. W. Record, Bowdon. Electrical Measuring 
Instruments. (2 Figs.) July 12, 1921.—The invention relates 
to electrical measuring instruments of the moving iron type, 
in which an intermediate movable member C is inserted to 








increase the movement of a pointer or indicator cl. Accordin 
to the invention, the instrument is constructed with a secon 
or intermediate repulsion and/or attraction element D in a 
plane above and clear of the first or primary repulsion or attrac- 
tion element C. (Sealed.) os 2 *&, 


186,433. ‘'T. Lenaghan, Croydon. Electro-Magnetic 
Relays. (2 Figs.) July 1, 1921.—The’ invention relates to 
single-core, quick-acting electromagnetic relays, which may, 
or may not, be polarised. In a relay according to the invention, 
a core is employed having at each end an extension piece d, 











which is turned inwards or so shaped that a portion thereof 
occupies a position parallel to the core, a gap being left between 
the two extensions which is partly or completely bridged by an 
armature e angularly movable about an axis paralle) to the axis 
of the core and hence adapted to enable the armature movements 
to be magnified at the relay contacts. (Sealed.) 


186,675. L. M. Waterhouse, London, and F. F. D. David- 
son, Moseley, Birmingham. Electric Heaters. (7 Figs.) 
June 28, 1921.—The invention relates to electric heaters of the 
immersion type. According to the invention, the inner casing A, 
upon which the resistance element B is wound, and the outer 
casing D which forms the heat transmitting surface, are made of 
conical configuration and of shell form so that the final axial 
adjustment between these two parts produces the desired radial 
outward pressure to ensure efficient heat transfer. These 
casings A, D, the smaller ends of which are closed, are, in trans- 
verse section, preferably circular and are tapered longitudinally 
80 that they are frustra of cones having the same apex angle. 
The outer surface of the inner casing Ais covered with insulating 
material, and the resistance element Bis spirally or otherwise 























ma thereon, its ends being connected to suitable ‘terminals, 
inte nterior surface of the outer casing D is lined with insu- 
poren | material, the thickness of which is as small as is con- 
re or tg effective insulation; the inner casing A with the 
a vs on in position, is wegen axially into the outer casing D 
we + the use of coni surfaces it is possible to ensure 
Ae ry moe Contact between the resistance element B and the insu- 
intend ning of the outer casing D, since the conical interior can be 
= eewaty into position without any tendency to the 
pita — element as would be the case with cylindrical casings ; 
pe orn. jitter introduction of the inner casing, the resistance 
ye makes contact with the lining of the outer casing, a 

er slight axial movement gives the desired outward pressure 
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187,306. J. Scott, Bootle, near Liverpool. Electric 
Switch and Plug-and-Socket Connection. (8 Figs.) July 14, 
1921.—The invention relates to that type of interlocked switch 
and plug-and-socket connection in which a spring-controlled bar 
is normally urged by the spring into a locking position, in which 
position it prevents the insertion of the plug, or, by engagement 


plug, a lever on the switch g effective, when the switch is 
open, to overcome the spring and to move the bar from its locking 
position. According to the invention, a watertight or spray- 
tight arrangement of switch and plug-and-socket connection is 



































constructed as follows: The switch A is of the tumbler type, 
and, together with the sockets gl of phe eee F, is mounted in a 
watertight enclosing casing B, the swi olly being o' ed 
by a lever ‘d2 located within the casing and conn to an 
external handle D. The casing has an opening E to admit the 
plus, which opening is completely cond by the plug when the 
latter is inserted. A seenopenin sliding shutter H is pro- 
vided, adapted, when the eins is removed, to close com shaky 
the Mogae | E, the lever being adapted; when the switch is 
opened, to draw the shutter H clear of the plug opening E, and the 
shutter H being adapted, when released by the lever d2; to 
engage at h4 a locking piece on the inserted plug. (Accepted 
November 1, 1922.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


186,518. Wolseley Motors, Limited, Birmingham, and 
E. Reeve, Birmingham. Internal- Combustion Engines. 
(1 Fig.) September 19, 1921.—According to the main feature of 
the invention, the generator F which supplies the current for 
ignition purposes (and may also eupply current for starting 
and/or lighting), together with the fan E, are driven from the 
crankshaft B, and preferably from near the front end thereof, 
either directly or indirectly, such as through the medium of a 











suitable chain or belt, while the distributor H is driven directly 
from the half-speed shaft G and may be mounted directly there- 
upon conveniently at the front of the engine. The armature of 


and the pulley D by which the shaft is driven may constitute 
the boss of thefan. An oil pump J may be driven from the oppo- 
site or rear end of the half-speed shaft. (Sealed.) 


187,281. 8S. L. Bailey, Kingswood, Bristol. Pistons. 
(6 Figs.) June 17, 1921.—The invention relates to pistons 
for internal-combustion engines of the type comprising a piston 
head and a skirting consisting of two guiding tongues or exten- 
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sions located diametrically opposite to cach other. The invention 
consists in a piston of the type referred to in which the gudgeon 
pin boss or bosses ¢ is or are by a central web or 

running from the centre of the two tongues or extensions b, and 
preferably also from the piston top. (Accepted November 1, 1922.) 


187,436. J.C. De Hoedt, Nottingham. Control Meansfor 
Carburettor Jets. (4 Figs.) September 20, 1921.—The in- 
vention relates to contro] means for carburettor jets. According 
to the invention, the acting portion A of the needle valve (here- 
under termed the valve) is formed separately from the spindle D 
which operates it, and they are so connected per og ya an 


with the pin of an inserted plug, prevents the withdrawal of the | P’ 


the housing, a spring 7 being disposed between the 
and the presser member to retain the ball in its seat wi 
housing to maintain a gastight connection. (Sealed.) 


and A. S. Jay, Thorpe Hamlet, 


formed thereon, and to close each end of the sleeve 


127 





movement also). With this arrangement the operating spindle D 
is vided with a coned shoulder D2 which engages tretenslly 
resiliently) a corresponding seating in the body = carrying it, 
so that a fluid-tight joint is obtainable without the necessity for 
a stuffing box. The valve A is guided in the body part, and if it 
is desired that it should move axially without rotation, appro- 
riate means, such as a pin C° or feather on the one to engage a 
feather-way A® on the other, are provided for this purpose. 





The operative connection of the spindle and valve may then 
be either by an external thread D® on the one engaging an internal 
thread A6 on the other, or by providing their abutting ends 
each with a cam face A7, D9, and eapiogeg® compression spring H 
to hold them resiliently in contact. ith either of the foregoing 
arrangements an angular movement of the operating ae le will 
effect 3 axial movement of the valve to or from its seating. 


(Sealed 
MACHINE AND OTHER TOOLS, SHAFTING, &c,. 


186,726. The Pennant Semaetaptaring Company, Limited, 
Birmin: » and W. Tryhorn, Green, Birming- 
ham, vet Extractors. (4 Figs.) July 7, 1921.— 
invention relates to a rivet extractor. Accordingto the invention, 
the rivet extractor comprises abutment members 4, which are 
a free sliding fit in the frame 1 of the extractor, co-operating 
stops in the frame and abutment members ada to 
limit the inward and outward sliding movement of the abutment 
members and also to prevent them from turning in the frame 





eune’. 


of the ‘extractor. A screw nmch 8 is located * between 
the abutment members. The abutment members 4 are se 
ferably formed of cylindrical shape and each is formed with an 
L-sha| recess at the end, so that when the abutment member 
is mounted in position the recess provides a horizontal bearing 
surface or abutment 6 and a vertical abutment 7, which are so 
arranged that sliding movement, whilst retaining the horizontal 
abutment in its horizontal position, moves the vertical abutment 
forwards or away from the punch and thereby gives adjustment. 
(Accepted October 18, 1922.) 

186,698. F. Gilman, Edgbaston, Birmingham, and 
G. H. Thompson, Bournville, Bi apom. Universal 
Joints. (4 Figs.) July 4, 1921.—The invention relates to 
universal joints for tubes used for Lenya ory & pressure fluid. 
According to the invention, the universal joint includes a hollow 





ball member 2 and housing wherein a presser member 4 is pro« 
vided, which can slide wit the ball member and engages with 
| member 

thin the. 


187,133. Mann, Egerton and Co., Limited, Norwich, 
Norwich. Grinding 


() 
aratus. (3 Figs.) October 10, 1921.—The invention 


Pe ~- to grinding fe ge oa ba type ce ge to lathes. 
th shaft d, ie invention consists in a grinding a ment comprising a. 
og ogg eg Dagan ty gt ery ganna cranked spindle 9 held in a clamp bearing 1 in which the spindle 
may be completely rotated by operation of a worm 7 carried by 
the bearing 1. The.worm meshes with a worm wheel 11 mounted, 





coaxially with that part of the spindle 9 within the bearing 1, 
the bearing being adapted to be tightened up and cae old 
the spindle in any predetermined angular positio 

spindle 9 so fitted in a clamp bearing 1, a sleeve 14 carrying the 


n. ith a 


nding element 13 may be fitted thereto in any known way, 
t it is preferred to use a sleeve having an integral — 15 
ith a cap, 





angular movement only of the spindle about its axis 





against the said lining. (Sealed.) 


an axial movement to the valve A (with or without a rotary 


member. (Sealed.) 
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186,822. A. Be nog pon Southwark, London, and F. W. 
Pratt, Southwark, London. Air Compressors. (1 Fig.) 
September 23, ior" —The invention relates to means for con- 
es the he supply of air to an air compressor. A casing a has 

an aligned outlet branch ¢ for conmeation to 
tho er Saleans the two being separated by seatings d for a more 
or less balanced cut-off valve ¢ arranged vertically, with a spiral 
supporting spring f below and a piston g directly engaging the 
top thereof. The cylinder / for the piston may be formed 
directly in the casing a and communicates through a port i with a 
cylindrical chamber j having a cylindrical cavity & of smaller 


diameter adapted toJbe connected by piping at m to the air 
receiver or delivery pipe of the compressor. A ball valve n 
serves to close the cavity & and the larger chamber part j 
is screw-threaded internally to allow of the ready insertion 
and removal of a correspondingly screw-threaded ring o adapted 
to be locked in position as by a set collar » and serving as an 
opposing seat for the tball valve through which air can escape 
from the piston cylinder A. A weight r, movable along a lever 8, 
pivoted to one pillar ¢ _— the valve casing and X y: uided as to 
movement b eualined pillar u having a bifurcated head », na) 
act upon the’) valve n through a pin or projection w. (Sealed 


‘MOTOR ROAD VEHICLES. 


Karrier Motors, Limited, Huddersfield; R.F. 
ison, Hudders- 

ust 26, 
refuse 


in 


186,502. 
Cla: " 
field. rs 
1921.—The invention relates to street sweeping an 
collecting machines of the t in which a brush, revol 
contact with the road surface, is arranged to throw the sweepings 
in a forward direction through an aperture into a con- 
taining a second brush, which acts to transfer the sweepings 
either Catrectly into a receiving receptable, or into the path of a 

third by means of which they are transferred to the re- 
ceiving rece e. According to the invention, the road brush 
4 is carried by arms 11 which extend forwardly in a substantially 
horizontal direction and have their forward ends adjustably 
secured in suitably curved guides 15 secured to the side walls of 


TT 



































(186.808) 


the transfer brush casing 6 or alternatively are slotted and 
adjustably secured to fixed bolts carried by the casing. As the 
diameter of the brush 4 decreases, by wear, its axis can be adjusted 
forwardly and the — to which the sweepings are thrown by 
the rotation of the brush thus be kept constant without it being 
necessary to speed up the machine as the road bi wears, as 
has been the case hit erto, the arrangement also yo to keep 
the brush more closely in contact with the road surface. Also 
according to the caveation the sweepings, instead of being thrown 
by the road brush 4 on to a fixed plate inclining upwardly to the 
lower edge of the aperture leading into the transfer casing 6, 
are thrown on to a pivoted plate 25, which is actuated inter- 
mittently to raise the sweepings collected thereon into the path 
of the transfer brush. (Accepted October 11, 1922.) 


PUMPS. 


186,747. Edwin Showell and Sons, Limited, Stirchley, 
near Birmingham, and H. J. Griffiths, Stirchley, 
Birmingham. Oil Feed Pump. (4 Figs.) July 25, 1921.— 
The invention relates to pumps for the feeding of lubricating oil 
to the engine or crank casing of motor vehicles. The invention 


AMD 


consists of an oil-feed device comprising a detachable casing 5 
aday to be fitted to a part of the power unit, the casing having 
a top inlet 6 at the one end and a bottom outlet 7 at the other end, 
between which inlet and outlet a feed screw 11 is positioned, 
The feed screw 11 is connected to a driven rotating part of the 
power unit. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


go R. F. Hislop, Paisley. Liquid Fuel Burner. 
(3 Figs.) July 12, 1921.—The invention relates to that type 
of liquid fuel burner which —— a cylindrical fuel chamber 1 
provided with a tangential fuel inlet 2 and an axial fuel outlet 
or nozzle 3, and a cylindrical air or steam chamber 4 provided 
witha tangential airor steam inlet 5, and an axial cutlet or nozzle 6 





for mixture of fuel and air or steam, the air or steam chamber 1 
being nested with the fuel chamber 4. The invention is charac- 
terised by the feature that each tangential inlet 2 or 5 is provided 
with a Y connection, one limb 7 or 7a of which communicates with 
a source of fuel under pressure and the other limb 8, 8a, of which 


communicates with a source of compressed air or steam, there 
being associated with each Y connection a valve or valves so 
arranged that, when desired, air or steam may be admitted with 
fuel to the fuel chamber and fuel may be admitted with the 
air or steam to the air or steam chamber. (Sealed.) 


186,269. R.L. K. Hazell, Lexden, and Davey Paxman 
and Co., Limited, Colchester. Steam Generators. (2 Figs.) 
November 11, 1921.—The invention relates to steam generators 
of the water-tube type. The water tubes 1, which are located in 
the fire-box 2 and arranged in a series of approximatel horizontally 
disposed rows, are of segmental shape with varying arcs, the 


Fig. 1. 
3 


tubes of each row being arranged in two or more groups and the 
ends of the tubes of each group entering the water space of the 
generator within an arc of 180 deg. The smoke tubes 2a, which 
extend between the top of the fire-box 2 and a smoke-box 3 
forming the top of the generator, are straight, and are vertically 
or approximately vertically arranged. (Sealed.): 


® 186,120. A. Ritchie, Kelvinhaugh, Glasgow. Liquid Fuel 
Burner. (2 Figs.) June 15, 1921.—The invention relates to 
liquid fuel burners. According to the invention, a liquid fuel 
burner comprises rotary and stationary —_ concentric members 
j, ad disposed within a casing a having inlets b, ¢ for steam or air 
under pressure and fuel. is a central outlet in the inner rotary 
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(186.120) 


S 


member j communicating by ports ! with the fuel inlet ¢ in ~ 
casing. fis a tangential port in the outer stationary member d 


near! communicating with an annular outlet m formed between the 


concentric members. Rotary movement of the inner member j 
adjusts the fuel inlet 2, whilst the pressure fluid inlet f remains 
always open. (Sealed.) 


185,830. A. Spencer, Westminster, London. Loco- 
motives. (2 Figs.) June 9, 1921.—The invention has reference 
to the mounting of the connecting and coupling or side rods on 
the crank pins of the wheels of locomotives. The boss or eye 
of one rod only, either connecting rod 3 or coupling or side rod 2, 
is mounted directly on the crank pin 1, and the other rod, either 


coupling or side rod 2 or connecting rod 3, is mounted on a 
boss 4a of the rod that is mounted directly on the crank pin. 
By this arrangement the crank pin only rotates in the one rod 
eye or boss, and the relative rotary movement between the other 
rod eye and the boss upon which it is mounted is simply that 
due to the rocking of the connecting rod during the rotation of 
wheel. (Sealed.) 


187,253. John I. Ru pag,/ ey and Co., Limited, West- 
minster, and R. Woolston. Oil Fuel Burner. 
(6 Figs.) April 19, 1921 The invention relates to sprayers 
of the Kind in which liquid is supplied to a hollow body under 
pressure and caused to issue in a finely-divided state from a 
whirling chamber having a number of conduits adapted to be 
successively opened or closed for the mn perboee of controlling the 
rate of dotharee from the sprayer. e object of the invention 
is to provide an improved form of sprayer of iene kind, to which 





end it comprises an axially stationary sleeve b containing a 
series of longitudinal grooves d constituting conduits, a transverse 

wall h in the body of the sprayer having a series of gaps of 
different cirtutatanintiel lengths controlling the eg | of liquid 
into the grooves, and a spindle m movable axially in relation 
to the sleeve, the 9 pen serving to rotate the sleeve to vary the 
number of grooves in use and simultaneously to alter the capacity 
of the whirling chamber a to correspond thereto. (Seale aa 


MISCELLANEOUS. 


184,871. A. Welford, London. Air Cleansin: 
fying Apparatus. (4 Figs.) es 19, 1921.— 
relates to a — for cleansing and/or ‘humidif ig air, 
type com a liquid container, an air-distributing chamber 
having nertont ons for the escape of airtherefrom and so disposed 
=, the liquid container that the perforations will be sub- 

ed beneath the liquid in the container during the operation 
a and means for the escape of air from the 
ro my end of the liquid container. A ig to the ng 
such apparatus has a shallow dish-like liquid container 10 
op of which is open to the atmosphere and a hollow Pad, 

member 14 with its lower (i.e., smaller) end ae into 
the iquid container 10 in the region of air-distributing ap 12, 
and its upper end extending above and overhanging the open 


or Humidi- 
e invention 


(19487) 


Liquid is delivered down the inner side 
of the funnel 14 and thence into the dish container 10. With 
this construction air supplied through the distributin ng chamber is 
upwardly directed from the free surface of the liquid in the dish 
container against the outer side of the wall of the funnel and 
thence to the maeenys Preferably there is an overflow 
conduit at the upper edge of the — id container constituted by a 
second vessel 18 surrounding the liquid container 10 with part 
or the whole of the vy od edge of the second vessel spaced from 
the similar edge of the liquid container and preferably at a higher 
level than that of thes liquid container. The apparatus (for 
example liquid container, overflow device and funnel) is ed 
in a framework adapted to be supported on E aypaeenNen od and may, if 
desired, be associated with a blower device on the | 
same frame. (Sealed.) 


187,259. W. Paterson, London. Filtering Apparatus. 
igs.) by 26, 1921.—The invention relates to filtering 

fpr of the type provided with a manifold 

é collection - filtered liquid and for the dis 
weed air and wash-water for —s the Pe ae ater ‘bed when 
Sfetanl eves Shs ani pe Tt 
ype referred to, pro a manifo! m € 

be supe: upon the main collecting 1 distr Fe 
in the form of a channel or tube. In po be the fnvention into 
effect, the main collecting or distributing a is ; 
so that its upper surface is substantially flush with, the lower 


top of the container. 




















surface of the filter bed. Along the length of this header or Pipe. 
a series of apertured bosses b is provided through each of w! 
passes the limb ¢ of a T-piece d to the lateral parts of the head of 
which are secured the manifold tubes or pipes e by screwing OF 
otherwise, the arrangement being such that a plurality of tubes 
Mew thus be arranged transversely in relation to the main header 
superposed thereon as shown, the tubes being held down in 
pairs or singly, or in any other convenient number, by means sr 
clamping plates and studs or the like screwed or otherwise fixe 
into the header and passing through the clamping plates. 





(Sealed.) 








